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 I 
Abstract 
 
 
Namibia’s farmland is currently overrun by invasive bush, which threatens 
wildlife and cattle.  Our project goal was to contribute to the sustainability of a bush-
to-electricity industry by designing accommodation trailers to attract and retain 
workers, as well as by recommending proper land aftercare systems to ensure 
sustainability of Namibian farmland.  We developed several flexible trailer designs to 
comfortably house rural workers in a variety of fields.  We also recommended 
aftercare systems that allow farmers to significantly increase their land productivity. 
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 IV 
Definitions 
 
SME: Small and Medium Enterprises.  Bush harvesting teams will be organized by 
these independent corporations to harvest, chip, and deliver the biomass 
material to the gasification plants. 
 
Aftercare: Techniques applied to the land after harvesting; methods to discourage the 
regrowth of the invasive bush, while ensuring a continuous supply of 
biomass and biodiversity. 
 
CCF: The Cheetah Conservation Fund.  A non-profit organization in Namibia.  The 
CCF is currently harvesting the bush for profit, using the biomass to create 
BushBloks to be used as wood fuel. 
 
DRFN: The Desert Research Foundation of Namibia, our sponsoring agency. 
 
CBEND: Combating Bush Encroachment for Namibia’s Development. The umbrella 
project our IQP falls under, which the DRFN is currently working on. 
 
 
 
Note: In this report, metric units are used as well as the local currency.  Specifically, 
it should be noted that: 
 
 Tons: A “ton” is 1 metric tonne, or 1000 kg.    This is equivalent to 2,200 
pounds.  
 
 N$: The current exchange rate, as of 22 April 2008, is 0.129 USD: N$1 or 
N$7.77: 1 USD. 
 
 Hectare: 10,000 sq. meters or 2.5 acres. For visualization purposes, it is 
approximately the size of 2 football fields.  
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Executive Summary 
 
Three major obstacles hindering Namibia’s economic development are: 
unemployment, the invasive bush, and an inadequate electric power supply.  
Unemployment in Namibia is officially recorded to be 31% (Namibia 2001 
Population and Housing Census, 2002).  As people migrate to cities to find jobs, 
innovative rural employment opportunities are needed, as two-thirds of the population 
lives outside of urban areas.  Invasive bush encroachment is another concern because 
it causes substantial declines in land productivity, especially for cattle grazing lands 
(de Klerk, 2004).  The invader bush grows in thick stands, with extensive root 
systems that take nutrients from the soil and reduce groundwater levels.  In an already 
semi-arid climate, further reduction in groundwater is cause for serious concern.  
Finally, Namibia faces energy challenges, with nationwide power consumption 
significantly exceeding domestic production capabilities.  As a result, half of all 
electricity in Namibia is purchased from South Africa (Weidlich, 2008).  As South 
Africa also struggles with energy concerns, it has become more crucial for Namibia to 
generate power domestically.   
Currently, the Desert Research Foundation of Namibia (DRFN) plans to 
address these three issues by trying to establish a bush harvesting industry through the 
CBEND (Combating Bush Encroachment for Namibia’s Development) project.  This 
project seeks to create an industry where groups of rural workers can independently 
harvest invasive bush, sell it as valuable fuel, and implement a land aftercare program 
to maintain sustainability of the land.  CBEND promotes Namibia’s development by 
working towards creating job opportunities, increasing land value, and establishing an 
independent, renewable power source.   
 In order for the bush harvesting industry to be sustainable, measures must be 
taken to ensure the long term availability of both labor and land resources.  Since 
workers will be required to live in remote areas away from their families, extra 
incentives for workers to accept the jobs are needed.  Additionally, as harvesting 
requires training and practice, measures should be taken to ensure a high worker 
retention rate.  Meeting the farmers’ desires is also important for creating a 
sustainable industry, since cooperation with them is crucial. Most farmers wish to 
implement an aftercare approach that will return the land to cattle grazing savanna. 
This desire needs to be met, while also promoting a healthy ecosystem. Our research 
aimed to promote the sustainability of the bush harvesting industry by addressing 
labor resources as well as the implementation of a desired aftercare program. 
Our goals were two fold: 1) to contribute to the sustainability of the bush 
harvesting industry by identifying ways to improve the desirability of working in an 
arid, adverse environment, and 2) to provide recommendations for an appropriate land 
aftercare approach that would ensure sustainability of the land. Objectives to meet 
these goals included: 
 Develop a list of necessary features for an accommodation trailer 
 Determine cost-effective and energy-efficient technologies for the 
accommodation trailer to provide power, entertainment, and safety 
 Create technical specifications and drawings for the accommodation trailer  
 Create a spreadsheet tool to allow flexibility in the trailer design 
 Select a chipping machine to complement the trailer as part of a bush 
harvesting operation   
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 Create spreadsheets to organize aftercare information for future reference 
 Identify recommendations for short-, mid-, and long-term aftercare methods. 
These goals and objectives address two major sustainability concerns of the CBEND 
project.  By meeting these, we were able to contribute to the long term success of a 
bush harvesting industry.   
We employed several methods in order to meet objectives related to the 
technical design of an accommodation trailer.  Through expert interviews, literature 
review, and consultation with local businesses, we compiled the base requirements for 
the trailer as well as the appliances, space, and power requirements to meet the needs 
of rural workers living in the field.  We conducted a design review with managers at 
the DRFN, where we received professional feedback on the preliminary design of our 
trailer, allowing us to modify our design as per their suggestions.     
Various methods were also employed to make recommendations for 
techniques of proper land aftercare. By gathering information on past attempts to 
control bush regrowth, we were able to determine which were successful.  We 
received many detailed suggestions on aftercare methods by contacting ecological and 
agricultural experts.  Finally, by holding a focus group with Polytechnic of Namibia 
faculty, we received professional feedback on our preliminary list of aftercare 
methods. 
 Through our research, we were able to design several different 
accommodation trailer options.  Bezêr Trailer Manufacturing provided us with an 
initial quote of N$241,500 for an 8 person trailer.  Based on our design review 
feedback, we drafted several smaller design options: a 4 person trailer and an 
energy/storage trailer.  Finally, by providing Solar Age with power requirements, we 
were able to get quotations on a solar power system, resulting in a complete cost 
analysis of our trailer designs. To accommodate this cost analysis, as well as maintain 
a flexible trailer design, we created a dynamic Microsoft Office Excel costing tool 
which allows the user to select items to include in the trailer and receive detailed cost 
and power breakdowns.  From these breakdowns, we identified that the 8 person 
trailer would be the best option for an eight person harvesting team.  This trailer 
would allow adequate sleeping quarters for each worker, as well as ample storage for 
personal items, food, and equipment.  The final cost for this trailer design was 
determined to be N$260,000. 
 One of the most useful features of the trailer design is its flexibility and 
universality of design.  With the aid of our dynamic costing tool, trailer designs for 
many different applications, such as housing workers in various fields, as well as 
mobile clinics and shelters, may easily be drafted. To improve flexibility even further, 
we recommend researching a modular trailer design, so that multiple 4 person trailers 
may be linked together, to easily accommodate different numbers of workers.  We 
also recommend that the accommodation trailers be used in other fields, such as 
mining operations, medical clinics, and emergency shelters. 
With regards to identifying an appropriate aftercare method for bush harvested 
areas, we determined that an herbicide is the most appropriate short-term solution.  
We concluded that the best herbicide to use is Picloram, which is available under the 
brand name Access, by Dow AgroSciences.  This herbicide has proven to be effective 
in bush control in the past and is highly selective due to its spray application. It is also 
colored so that application can be monitored.  
For a mid-term aftercare solution, we determined that continued application of 
Picloram should be used.  After resprouting has occurred, Picloram should again be 
applied to the sprouts. Regarding a long-term solution, we investigated whether an 
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alternative species could be identified to replace the invasive bush by providing an 
alternative biofuel source, but determined this to be impractical.  Furthermore, it is the 
general consensus of bush encroachment experts that there is sufficient bush to sustain 
the harvesting industry and additional sources do not need to be found. Instead, we 
recommend the implementation of a land restoration system, in which the farm land is 
returned to cattle grazing area by providing bags of mixed seeds to the farmers.  This 
meets the farmers’ demands for more grazing land, while also promoting a healthy 
ecosystem by lowering the risk of erosion and promoting biodiversity. Although we 
have made initial recommendations for aftercare methods, experimental research is 
needed before implementation.  Specifically, long-term solutions should be studied 
through the creation of test plots, which will reveal the success or failure of a specific 
aftercare approach. 
If successfully implemented, our recommended trailer design will give 
workers an incentive to stay with the bush harvesting profession on a long term basis.  
Our research into aftercare methods will provide a basis for decision making that will 
return large amounts of farmland to open grazing lands and thus meet the desires of 
the farmers.   
 1 
 1.0 Introduction 
Sustainable development is defined by the World Commission on 
Environment and Development’s Brundtland Report (1987) as “…development that 
meets the needs of the present without compromising the ability of future generations 
to meet their own needs” (p. 43).  In short, sustainable development allows beneficial 
changes to be created in the present, while keeping the impact on the future in mind. 
Many policies aim to improve life in developing countries.  However, if the long term 
sustainability of the plan is not a focal point, it may fail after a few years, wasting the 
efforts and expenses put into the policy.  In Namibia, sustainable solutions to social, 
environmental, and energy concerns must be implemented in order to ensure the 
country’s future development.   
Three problems currently hinder Namibia’s growth: unemployment, bush 
encroachment, and an inadequate electric power supply.  According to the 2001 
Census, unemployment in Namibia is 31% (Namibian Government, 2002).  The 
demand for employment opportunities is more urgent in rural areas, where two-thirds 
of the population resides.  The creation of rural jobs would be an optimal opportunity 
to combat unemployment, since workers could stay near their homes and families, and 
not be forced into informal settlements around the urban areas.  Invasive bush 
encroachment is another concern, and causes substantial declines in land productivity, 
principally cattle raising (de Klerk, 2004), leading to large amounts of land being 
deemed unusable by farmers.  It was found in Uganda that the “mean annual gross 
income was US$49,393 per cow per annum on cleared farms compared to US$23,351 
on bushy farms” (Mugas et. al, 2000, p. 64).  This indicator suggests that clearing 
bush encroached farms can lead to an increase in land productivity.  The invader bush 
species have also been linked to a reduction of groundwater levels, due to their dense 
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population and extensive root systems.  In an semi-arid climate, further reduction in 
groundwater is cause for serious concern.  Finally, Namibia faces energy challenges, 
with the nationwide power consumption significantly exceeding its domestic 
production capabilities.  As a result, Namibia purchases approximately half of all 
electricity from South Africa (Weidlich, 2008).  As South Africa struggles with its 
own energy concerns, it has become more crucial for Namibia to generate its own 
supply of power.   
To combat the unemployment and bush encroachment issues, rural worker 
accommodations and techniques to control the regrowth of invasive species must be 
considered.  Worldwide, people working far from their homes in rural areas are 
housed in various ways.  In Australia, accommodation trailers are often used to house 
employees in agricultural industries (Australian Government, 2006).  In Namibia, 
however, employees who maintain the nation’s roads or install vast fence systems 
around farms are only provided with tents to sleep in, leaving them largely exposed to 
the harsh Namibian environment.  These tents lack simple human necessities such as 
privacy, security, and bathing facilities, causing them to be considered undesirable 
(pers. com. R. Schultz, March 2008).  Improving worker housing facilities will 
increase the desirability of bush harvesting, as well as potentially increase the 
productivity and worker retention rates.  In order to combat the bush encroachment 
problem, previous research has considered various techniques of land aftercare.  
These aftercare techniques involve the treatment of land after the removal of bush to 
ensure that unwanted species do not return.  Strategies include controlled fires to 
destroy new sprouts, the use of grazing animals such as goats, the planting of new 
plants, and the use of herbicides.  Additionally, aftercare methods consider alternative 
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biomass species, which would provide future power and employment opportunities.  
These techniques have been used in the past with varying degrees of success. 
 The use of accommodation trailers, both worldwide and in Namibia, has been 
relatively limited.  In order to create a sustainable bush harvesting industry, we 
determined techniques for making trailers desirable, as well as portable and 
financially viable.  Furthermore, limited attention to aftercare research has led to 
unsuccessful management of harvested land in Namibia.  A more successful aftercare 
solution needs to be identified to ensure the sustainability of the harvested land and 
continuation of the harvesting industry by meeting the desires of the farmers.   
 Currently, the Desert Research Foundation of Namibia (DRFN) is attempting 
to establish a bush-to-electricity industry through its project entitled Combating Bush 
Encroachment for Namibia’s Development (CBEND).  This project aims to create an 
industry where groups of rural workers can independently harvest invasive bush, sell 
it as valuable fuel, and treat the farmland so as to restore it to its original level of 
productivity for grazing.  CBEND promotes Namibia’s development by creating job 
opportunities, increasing land value, and establishing an independent, renewable 
power source.  By offering desirable accommodation for workers, as well as by 
promoting a long term supply of biomass for energy production through a sustainable 
aftercare system, our contributions aimed to assist in the longevity of the bush 
harvesting industry.  
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2.0 Background 
 Namibia faces three major problems: unemployment, bush encroachment, and 
an inadequate energy supply. The DRFN has launched the CBEND project to create a 
bush-to-electricity power plant cycle to help alleviate unemployment while utilizing 
the invasive bush. In order to achieve sustainability in this industry, it is necessary for 
jobs to be desirable as well as to create conditions for a consistent fuel source.    
2.1 Unemployment in Namibia 
 
 Colonized by the Germans in the late 19
th
 century, Namibia has had a history 
of foreign occupation, conflicts, and apartheid. Namibia’s people finally gained 
independence in 1990.  Today, the country’s diverse population has a new challenge: 
unemployment.  Nationally, the officially reported unemployment figure is 31% 
(Namibian Government, 2002), although unofficial estimates reach as high as 40%. 
Even the official figure is five times the worldwide unemployment rate of 6.0% 
(International Labor Organization).  Namibia’s unemployment values are compared to 
other countries in Figure 1.  
 
Figure 1: Comparison of Unemployment Figures of Namibia and Other Nations 
 (Namibian Government, 2002) 
Namibia
31%
SA
27%
Botswana
24%
UK
5%
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 According to the 2001 Census (Namibian Government, 2002), Namibia has a 
population of around 1.8 million people.  This relatively small population is 
distributed over a large area of 824,000 square kilometers, resulting in an average 
population density of only 2.1 persons per square kilometer.  Namibia’s largest urban 
area is Windhoek with 230,000 inhabitants, accounting for 13% of the country’s total 
population.  There are only a few additional urban areas, the largest being Rundu, 
which has a population of only 44,000 people.  Two-thirds of Namibia’s population 
resides in rural areas.   
 The lack of urbanization leaves many people without job opportunities 
(Namibian Government, 2002).  According to the 2001 Census, nearly 70% of urban 
residents were involved in the work force, as opposed to only 44% of rural residents.  
It is apparent that urban areas have more employment options, which often results in 
individuals traveling to the cities for potential job opportunities.  Unfortunately, job 
creation has not kept up with the migration rate to these areas.  Furthermore, 
migration to cities displaces families from their native homes.  If jobs were made 
available in rural areas, people would not have to move to cities in an often futile 
attempt to find work.   
 The unemployment rate is determined by dividing the population of Namibia  
over the age of 15 into two categories: those who participate in the labor force, and 
those who do not, as displayed in Figure 2.  The labor force is not necessarily those 
who are employed, but rather is comprised of individuals who are physically able to 
work.  Those outside of the labor force include students, homemakers, the disabled, 
the retired, and those receiving pensions.  As of the 2001 Census, 69% of the labor 
force is employed.  However, the Census defines employed as “During the seven days 
prior…having worked…even for one hour for pay, profit, or family gain during that 
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period” (p.36).  Therefore, despite the fact that two-thirds of the labor force is labeled 
as employed, they are often idle during the majority of the week, or work for no pay 
for a family business.  This results in only about 400,000 individuals, or 22% of the 
nation’s total population, who work at least one hour per week, with or without pay.   
Income 
Recipient, 
Disabled, 
Old age, 
Retired, 
Others 
94 350 
21.8% 
Homemakers 
186 644 
43.1% 
Unemployed 
185 258 
31.1% 
Employed 
409591 
68.9% 
Not 
stated 
72 693 
6.6% 
Students 
151 889 
35.1% 
Economically Inactive Population 
432 883 
39.3% 
Economically Active (Labour Force) 
594 849 
54.1% 
Total Population 15 years and above 
1 100 425 
 
Figure 2: Population Groups Defined in the 2001 Census 
(Namibian Government, 2002) 
 These statistics can be further detailed when breaking down the labor 
opportunities.  The government hires approximately 20% of all employed individuals.  
This large number provides insight into the government’s focus on job creation. Also 
of interest, 12% of all employed persons are unpaid family workers.  Returning to the 
nation’s employment figures (Namibian Government, 2002), only approximately 19% 
(350,000 people) of Namibia’s population receive some type of pay for work.  This 
results in the remaining majority of the population to be financially dependant on 
these people. 
 Based on the previous statistics, the severity of unemployment in Namibia is 
apparent.  More specifically, the lack of income generated by individuals is prevalent.  
Although the government does encourage labor intensive projects, there is still a 
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shortage of job opportunities.  Furthermore, the Census alludes to the greater need for 
jobs in rural areas, which would help slow the general migratory trends to urban areas.  
Consequently, it is important to create jobs in rural areas, where the majority of 
Namibia’s people reside. 
2.2 Bush Encroachment 
 
  Bush encroachment in Namibia currently covers an area of approximately 26 
million hectares.  As of 2004, the invasive bush had caused over N$700 million 
annually in losses to the Namibian economy (pers. com. R.Schultz, March 2008).  The 
most prevalent species of invasive bush are Acacia mellifera (Black Thorn), Acacia 
reficiens (False Umbrella Thorn), Colophospermum mopane (Mopane), 
Dichrostachys cinerea (Sickle Bush), Rhigozum trichotomum, and Terminalia sericea 
(Silver terminalia). The D. cinerea, A. mellifera, and T. sericea grow at a density of 
4,000-12,000 plants/ha.  The primary encroached land is shown in Figure 3.  The map 
also shows the densities of the bush species throughout the country.   
 
Figure 3: Invasive Bush Species in Namibia  
(Schultz 2008) 
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 The invasive bush in Namibia is detrimental to agriculture, cattle grazing, and 
the cheetah population. In northern and central Namibia, the invasive bush has 
impacted groundwater supplies in the already semi-arid environment, since the 
extensive root systems take water away from the native plants and grasses (de Klerk, 
2004).  The bush has also reduced underground water recharge from rainfall from 6% 
to just 0.2% (pers. com. R.Schultz, March 2008). 
 Cattle raising is very important to Namibia’s economy and has been the 
predominant focus of land use in Namibia for centuries.  It is essential for farmers and 
ranchers to have a healthy herd of cattle to sustain their livelihood.  However, the 
invasive bush hinders the growth of grasses that cattle rely on for food, reducing the 
amount of land available for livestock.  In the past 50 years, the commercial cattle 
herd has been reduced from 2.5 million to 800,000 (pers. com. R.Schultz, March 
2008).   
 Wildlife, specifically the cheetah population, has also been affected. The 
cheetah hunts by sight and its attempts to maneuver through the thorny bush can 
scratch the corneas of the cheetah’s eyes. This greatly diminishes their ability to hunt 
native prey. The cheetah has found a solution to this problem by hunting the cattle, 
which in turn results in some farmers killing the cheetah.  This is of concern to the 
Cheetah Conservation Fund (CCF), an organization that strives to protect this 
threatened species.  Currently, the CCF operates one of the largest farms that 
regularly harvest the invasive bush (Leinonen, 2007).  They use the harvested material 
to create BushBloks, which are used as fuel for cooking and heating. 
2.3 Energy Sources in Namibia 
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 The availability of power in Namibia has been a prolonged problem in the 
nation’s development (Weidlich, 2008).  Today, the country buys as much as 50% of 
its annual consumed power, the majority from South Africa.  Additionally, rolling 
blackouts and brownouts constantly plague the nation.  Figure 4 shows Namibia’s 
power consumption for the previous 10 years, as well as power produced by 
NamPower, South Africa (Eskom), and other sources.   
 
Figure 4: Namibia's Power Consumption for the Past 10 Years 
(NamPower, 2008) 
As shown in Figure 4, power consumption has rapidly increased since 2003, however 
production has shown little increase to compensate for this growth.  The majority of 
power supplemented into Namibia has been supplied by South Africa’s Eskom power 
company.  Currently, power production in Namibia is approximately 380 MW, and 
energy demand is close to 600 MW.  Forecasters predict a continued increase in 
power demand, as shown in Figure 5.   
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Figure 5: Namibia's Predicted Power Consumption 
(NamPower, 2008) 
 Namibia is currently working on small-scale projects that will help alleviate 
the power crisis (Weidlich, 2008).  Temporary diesel generators are used, though 
these typically cost almost three times as much to operate as coal generation.  Wind 
generator farms are being planned for development along the coast.  Unfortunately, 
delivering this power to interior areas still remains a costly problem.  Additionally, by 
2009, a N$3 billion power sharing grid with Zambia, Zimbabwe, and Botswana will 
help all four nations share a more reliable power supply. 
 Despite these developments, rural areas are often many kilometers from the 
power grid.  The three major power plants are in relatively large urban areas.  Most of 
the power that rural areas receive is from small solar generators.  The development of 
biomass power plants in these rural areas will not only create more power for the 
entire country, but will also expand the electrical grid to areas that could truly benefit 
from a constant power source. 
 The CBEND (Combating Bush Encroachment for Namibia’s Development) 
project hopes to install a bush-to-electricity power plant in Namibia to utilize this 
otherwise useless invader; the hope is to develop the country’s first independent 
power producer.  A biomass plant in Namibia would help expand the national 
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electricity grid, bring energy to more of the population, and create job opportunities.  
Removing the invasive bush would allow the expansion of cattle grazing areas, 
encourage agriculture, and bring back the shrinking habitat for wildlife. Members of 
CBEND will be focusing on the structure, management, operation, and purchase of a 
wood gasifier. They ultimately will advise small companies that will be harvesting the 
invasive bush, which will to be sold to a gasification plant and turned into electricity 
to be added the national grid. 
2.4 Housing Conditions in Namibia  
 
 Housing conditions in rural Namibia are often poor, attributed to the lack of 
employment, low income, and the migratory trends to urban areas (Namibian 
Government, 2002).  In urban areas, over 20% of households reside in improvised 
housing (shacks) or traditional dwellings made from organic materials. In comparison, 
66% of the rural population live in traditional dwellings, most of which are without 
basic amenities such as water and electricity.  These housing statistics are displayed in 
Figure 6. 
 
Figure 6: Rural Namibia Housing Types  
(Namibian Government, 2002) 
Other
3%
Improvised 
Shacks
4%
Not Stated
1%
House
25%
Apartment
1%
Traditional 
Dwelling
66%
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Housing construction materials are also more primitive in the rural areas.  In 
urban Namibia, the predominant roofing material is corrugated iron, which is used 
extensively in improvised housing.  In rural areas, thatch and grass are most 
commonly used for roofing.  Similarly, homes in rural areas utilize sand and mud for 
flooring, and other organic materials, such as compost and manure, for the walls.  
Figure 7 shows examples of housing conditions in the informal settlement of 
Katutura, outside of Windhoek.  Temperatures in these shacks may reach as high as 
40°C in the summer heat, creating unsafe living conditions.   
 
Figure 7: Improvised Shacks in Katutura, outside of Windhoek 
 Electricity and water availability is also less plentiful in rural areas.  The 
predominant source of energy for cooking in these rural homes is wood and charcoal, 
accounting for 90% of the fuel used, whereas electricity is used in less than 5% of 
households for cooking.  Similarly, electricity for lighting is found in only 10% of 
rural households.  In these homes, paraffin (kerosene), candles, and wood are the 
primary sources of lighting.  Electrical heating is almost nonexistent in rural areas, 
where 60% of households rely on wood and charcoal, and 30% have no source of 
heating.  Additionally, in rural areas 20% of households have no access to safe 
 13 
drinking water, and more than a quarter of the rural population must travel at least 
half a kilometer to acquire water. 
 Creating an appropriate accommodation for bush harvesting workers will 
increase the desirability of this occupation.  It is important to keep in mind the cultural 
acceptance of housing, while at the same time improving upon previous housing that 
workers may be accustomed to.  The creation of adequate housing will promote 
worker health, safety, and satisfaction.   
2.5 Worker Accommodation 
 
 Many types of jobs, such as those in construction, agriculture, and livestock 
herding, require workers to spend many nights away from their homes. Proper living 
quarters then become a necessity. Places such as the United Kingdom (Simpson, 
2008); Queensland, Australia (Queensland Development Code, 2003); and Canada 
(British Columbia Government, 1996) have provided temporary accommodation for 
workers. Important factors were considered such as suitable location, sleeping 
quarters, water supplies, bathing facilities, as well as food preparation and storage.  In 
Whistler, British Columbia, Canada, the Resort Municipality of Whistler Act’s 
Worker’s Accommodation Regulation (British Columbia Government, 1996) states 
that housing must be provided for agriculture and construction workers.  
 In Leeds, United Kingdom, a large scale site accommodation was built for a 
group of 300 construction workers by the Konstructa Hire Company (Simpson, 2008).  
They constructed 12 steel, anti-vandal site buildings that incorporated extensive 
security measures.  The buildings were built in three weeks, and were double stacked 
to create six, two story buildings.  They included reception, offices, meeting rooms, 
toilets, and a canteen.  
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 In Australia, the Rural Workers Accommodation Act was enacted in 1969 
(Australian Government, 2006).  This act states that agricultural and pastoral workers 
must have accommodation, free of charge, if they are required to live on site for more 
than 24 hours.  Similarly, the Queensland Development Code of 2003 provides for 
pastoral workers’ accommodation. This act specifies the necessities for a workers’ on-
site accommodation.  The workers’ accommodation must be “suitably located to 
provide an adequate standard of health and amenity for the workers” (Queensland 
Government, 2003, p. 4).  The living space must be a certain distance away from the 
work area and any other structure having to do with the area of work. 
 The Queensland Development Code (Queensland Government, 2003) detailed 
specifications for the sleeping area: the floor area must be at least 3.15m
2
 to 5.6m
2
 for 
each worker, with a length of 3m x 2.1m.  The area must be lit and have proper 
ventilation. It was also stressed that sleeping areas must be separated for men and 
women.  If necessary, partitions from ceiling to floor should be installed to allow for 
privacy.  The Queensland Development Code also stated that a sufficient water supply 
must be provided, at least eight liters of potable water per person per day is necessary.  
The Queensland provisions require one shower facility for every six workers, with a 
minimum floor area of 900mm x 900mm.  Again, to ensure privacy, a curtain or 
screen should be used. If laundry facilities are to be provided, one tub for every three 
workers is necessary. 
 A store area for food and supplies is also a very important feature for any 
living area.  However, as in the case at Australia’s Nomads Cryon, it may also be 
required for the employees to bring their own food (Nomads Cryon, 2004).  Other 
important features are lighting (Queensland Government, 2003), ventilation, shelving, 
a locking door, and insulated walls.  
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 In Turner, Maine, (Fernandez, Fernandez, and Gayle, 1995) there is a very 
dense population of Hispanic migrant workers.  These families live in trailers with 
two or three other three-person families in each.  Additionally, one trailer houses 16 
single men.  The trailers were described as follows (Fernandez, Fernandez, and Gayle, 
1995, Migrant Workers): 
The trailers we visited were very clean and neat, but the pest 
infestation and many safety hazards were obvious.  Most trailers had 
broken windows and doors, leaking plumbing, defective or missing 
smoke detectors, holes in walls and flooring, exposed electrical wiring, 
frayed and torn furnishings, cockroach and rat infestation, and 
appliances in disrepair. 
 
With so many people living together, it is very important to maintain hygienic 
conditions at all times (Queensland Government, 2003). The facilities should be 
maintained so as not to fall into disrepair.  Additionally, proper sanitation practices 
should be followed, and residents should be educated on first aid.   
2.6 The Aftercare of Harvested Land 
 
 Control of invasive plants has been a problem worldwide. While temporary 
eradication is often achieved, a proper method of aftercare must be implemented in 
order to prevent the return of unwanted plants. Several methods have been used, 
including chemical and biological control, browsers, fire, and the seeding of new 
plant species. 
 
Chemical Control 
 An example of successful chemical control is the use of herbicides on the 
invasive Japanese barberry in northeastern United States. The Japanese barberry 
originated in Japan and was introduced to the northeastern United States in 1875 as an 
ornamental plant (Swearingen, 2006). It is still currently sold in nurseries across the 
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United States, despite its reported invasive nature. The bush is a dense, spiny shrub 
that grows between 0.6-2.5 meters high. The Japanese barberry persists in almost all 
natural habitats in the northeastern US and alters the pH, nitrogen levels, and 
biological activity in the soil. Additionally, it pushes out native plants and reduces 
wildlife habitats.  White-tailed deer prefer to eat native plants rather than the Japanese 
barberry, giving the barberry a clear competitive advantage.  
 Control of the Japanese barberry is considered very important given the 
current lack of knowledge and its widespread use as an ornamental plant (Swearingen, 
2006). The barberry has high germination and seed production rates. It can also 
resprout from root fragments, necessitating removal when trying to control its growth.  
 It was found that the most successful aftercare method for the Japanese 
barberry was the application of a triclopyr solution, Garlon, to the stumps after cutting 
down the bushes (Swearingen, 2006). This chemical prevents resprouting; however, 
because it is a non-specific herbicide, it needs to be controlled extremely carefully so 
as not to harm surrounding non-invasive plants 
 
Browsers 
 Another aftercare treatment used to control resprouting of invasive plants is 
the use of browsers, such as goats. Previously, goats have successfully been used to 
control the spread of the Scotch broom species. This bush was first introduced to the 
continent of North America as a garden ornamental by early settlers of the Pacific 
Coast (Parker, 1998). From there, it spread far up into British Columbia and down 
into California. Currently it is rapidly moving farther into Oregon and Washington. 
The Scotch broom aggressively pushes out desirable native plants such as forbs, 
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grasses, and young trees. Therefore, it is a threat to the native animals that depend on 
these native plants.   
 Several different controls have been implemented against the Scotch broom 
with varying degrees of success (Parker, 1998). Using goats as a control for 
resprouting was found to be incredibly successful. After the bushes were initially 
killed using herbicides and mechanical means, the goats were allowed to graze in the 
recently cleared area to prevent the spread of any remaining invasive plants as well as 
any new sprouts. The goats were penned in using an electric fence, so that they were 
limited to a designated area. After the goats had consumed all the unwanted 
vegetation in that area, they were moved to the next area to continue the control. The 
use of goats had no ill effects on the surrounding vegetation, and given time, they 
could control a small patch of Scotch broom if it was not too tall.  
  
Biological Control 
 An example of aftercare using biological control was also applied to the 
Scotch broom. A moth, Leucoptera spartifoliella, was introduced in the 1970s to 
destroy the remaining bush after initial eradication (Parker, 1998).  However, this 
moth was heavily parasitic to other plants and largely ineffective in controlling the 
Scotch broom. A seed weevil, Apion fuscirostre, was also introduced in 1983 to 
control the plant. While the larvae did consume the seeds and assist in slowing their 
spread, they did not help to control the already existing plants.  
 Similar types of biological control of the invasive bush have also been 
attempted in Namibia. However, the Namibian species of bush share many of the 
same qualities as the Scotch broom and Japanese barberry; these hardy plants are 
effectively able to survive harsh conditions such as drought (de Klerk, 2004). They 
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also have a large seed production, which aids in their spread. Seed weevils, similar to 
those introduced to control Scotch broom in Oregon, were introduced in South Africa 
and Namibia in hopes that they would have a significant effect on the spread of the 
bush (Bethune, 2004). Their introduction allowed for almost 99% of the seeds to be 
destroyed. However, because of their aggressive seed production, the bushes were still 
able to survive and proliferate. 
 
Fire 
For millennia, wildfires have been crucial in maintaining the balance in 
ecosystems (Zouhar, 2007).  Fire destroys weeds and overgrowth, adds nutrients to 
soil, and often encourages germination.  Prescribed burning is currently considered an 
environmentally friendly alternative to chemical herbicides.  However, there are many 
concerns with implementing fire as a plant control mechanism.   
 Harold Wiedemann (2005) identified a few specific concerns regarding 
prescribed burning, such as unwarranted damage to healthy plant species and erosion 
after the burn.  Zouhar et. al. (2007) also recognized the potential risk to human life 
and property damage from fire.  Another crucial issue with prescribed burning is the 
unpredictable nature of plants’ reactions.  Because burning may also stimulate 
germination, controlled burning to remove invasive plants may actually result in 
damaging healthy plants and encouraging invasive plants to flourish.  Additionally, 
controlled fires do not destroy much of the plant below the ground’s surface (Rice, 
2005).  With the invasive plants in Namibia, the extensive root system present may 
not be thoroughly destroyed through burning, and regrowth would be probable.  A 
photo displaying the vast root system of a Namibian bush is shown in Figure 8.  
Lastly, fires create additional environmental concerns due to the generation of smoke.  
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In the US, prescribed burning is often banned in the spring time because of the nesting 
of local birds.   
 
Figure 8: Photo of the Invasive Bush Species Vast Root System 
(R. Schultz, 2008) 
 
Planting of Non-Invasive Plants 
 The desire to reintroduce native species into an area taken over by invasive 
plants is a desirable goal around the world. In Seattle, Washington, USA, the Frink 
Park was overtaken by invasive weeds and shrubs (Bergendorf et. al., 2001). A team 
of workers removed all of the invasive species and replanted native shrubs and 
groundcover. These bushes helped alleviate erosion problems commonly found with 
the removal of plants. The native plants also helped to bring back many native 
animals that left the area when it was overtaken with the invasive species.  It was 
necessary for a team of workers to water the newly planted species during the first 
growing season, to ensure the success of the aftercare process.  
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2.7 Summary 
 
 Among the many obstacles to Namibia’s development, bush encroachment, an 
inadequate power supply, and unemployment stand out as especially challenging.  
Although people tend to look to urban areas to provide employment opportunities, it 
is not realistic for a few cities to provide jobs to everyone, especially when two-thirds 
of the Namibian population lives in rural areas.  Therefore, greater efforts need to be 
made to provide rural job opportunities.  Regarding energy, Namibia’s dependence on 
South Africa for power generation is not a realistic long-term solution.  Although 
efforts such as wind farming and diesel generators have been made, Namibia could 
greatly benefit from using the encroaching bush, an overabundant resource, to feed 
the power grid.  Indeed, the invasive bush has been very problematic to Namibian 
farmers, who rely on grazing lands to raise cattle, one of Namibia’s most important 
resources.   The CBEND project aims to address these three issues by creating a bush-
to-electricity industry to provide rural jobs, restore encroached areas to productive 
grazing land, and use an otherwise harmful pest to provide power to an energy poor 
country. 
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3.0 Methodology  
This project focused on a subset of the CBEND project, to ensure the 
sustainability of the bush harvesting industry.  Our goal was to contribute to the 
sustainability of a bush harvesting system through identifying ways to make bush 
harvesting work an attractive occupation and by recommending an appropriate 
aftercare technique to manage land after bush removal.  Through designing an 
accommodation trailer, we hoped to increase the desirability of the occupation by 
providing attractive housing.  Additionally, aftercare methods were determined in 
order to ensure sustainability of the land and the harvesting system.  Our objectives 
were addressed by establishing the following steps: 
 Develop a list of necessary inclusions for an accommodation trailer 
 Determine cost-effective and energy efficient technologies to include in the 
accommodation trailer to provide power, entertainment, and safety 
 Create the technical specifications and drawings for an accommodation trailer  
 Create a spreadsheet tool to allow flexibility in the trailer design, as well as to 
allow for future applications or modifications 
 Identify an appropriate chipping machine 
 Create Excel documents to organize aftercare information for future reference 
 Provide recommendations for short-, mid-, and long-term aftercare methods. 
 
 The trailer was designed in order to retain trained workers by providing 
attractive accommodations.  It was also crucial for an aftercare system to be 
implemented that encourages a healthy ecosystem and sustainability of the industry 
through meeting the desires of local farmers. These objectives are essential to creating 
a sustainable industry as outlined in CBEND.  We utilized a number of methodologies 
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including informal interviews and cost-benefit analyses to attain these objectives. 
These methods allowed us to satisfy the parameters laid out by our sponsor, such as  
budget constraints and environmental concerns.  
3.1 Technology Selection 
 
 In order to successfully implement our accommodation trailer design into a 
working bush harvesting cycle, our sponsors requested for us to select a wood chipper 
and a towing vehicle to pull both the chipper and trailer.   
 
Chipper and Towing Vehicle Selection 
By reviewing the documentation provided by the Research Centre of Finland 
(Leinonen, 2007), we were able to gather data on the chipping needs of a Namibian 
bush harvesting system.  We consulted with chipping distributors, such as Tree-Cycle, 
for recommendations on different machines.   
In order to determine the towing vehicle, we needed to calculate the amount of 
cargo the vehicle would be delivering.  Bezêr Manufacturing was able to provide the 
load based on the weight of the accommodation trailer.  A chipper distributor also 
provided us with the weight of the chipper machine.  Past literature and discussion 
with our sponsors determined the mass of harvested material the truck would be 
carrying.  The load tonnage then became one of the requirements for truck selection, 
along with cost and durability.   
3.2 Design of the Accommodation Trailer 
 
To determine the basic requirements that needed to be included in a trailer 
design, we first interviewed Robert Schultz and Claus Hager of the DRFN.  We 
created a preliminary design based on these initial requirements.  We also interviewed 
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Lucky Ganeb and Alex Moses, of the DRFN, who provided suggestions for non-
essential items that would help make the accommodations more desirable. Ganeb and 
Moses, as Namibian citizens, were able to give insight into the importance of these 
items because they are personally aware of the needs, desires, and values of rural 
Namibians.  
Concurrent with the research conducted on amenities, we also needed to 
determine trailer dimensions.  Initial design specifications provided by our sponsors 
allowed for us to estimate the dimensions.  Then, as we finalized the amenities that 
could be included in the trailer, we calculated exact dimensions.  Through 
consultation with Bezêr Trailer Manufacturer in Windhoek, we established the 
acceptable and legal dimension constraints of the trailer.  Bezêr’s extensive work on 
trailer design provided further knowledge on what dimensions would be needed to 
meet our requirements.   
We gathered information on products that could be included in the trailer 
design by visiting local vendors, as well as by contacting suppliers via the internet and 
phone.  We focused on energy efficient technologies, since the trailer will be using a 
solar power source.  Specifically, we contacted DB Electric to obtain prices and 
availability on energy efficient light bulbs.  Solar Age Namibia, a local solar company 
that has been used in the past for energy efficient trailers at the DRFN, provided us 
with a detailed list of batteries and solar panels required to meet our power budget.  
Prices for other amenities, such as television sets, were gathered by contacting several 
local suppliers for prices and availability.   
  We also contacted Dr. Andreas Wienecke, a sanitation expert at the Habitat 
Research Development Centre (HRDC). Dr. Wienecke provided information on 
innovative, portable toilets.  Because the trailer needed to be a desirable 
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accommodation, alternative toilet ideas were considered advantageous, especially 
since traditional portable toilet facilities require more space and money than we have 
a budget for.   
 We established food and water requirements through interviews with our 
sponsors. To establish proper storage space requirements, we determined the volume 
of water and food necessary for the workers.   
 Weekly meetings with our sponsors, Robert Schultz and Claus Hager, 
provided us with continued input into the design progress. This ensured that the 
design remained within their specifications.  We gave a formal presentation of the 
trailer design to Dr. Detlof von Oertzen, the executive director of the DRFN, and 
other DRFN towards the end of the design process to obtain professional suggestions.  
These led to redesigns of the trailer to allow for financial accessibility.   
 All relevant trailer information was organized into an electronic database.  
Additionally, we determined that it was necessary to create a dynamic spreadsheet 
tool to allow future changes to be made to the design.  Using online tutorials and 
previous Excel documents, we were able to design an effective spreadsheet. 
  
3.3 Aftercare 
 
 Management of bush encroachment has been an ongoing challenge in 
Namibia, and many attempts to control it have been implemented. By gathering 
information on these past attempts we were able to determine which methods of 
aftercare needed to be explored further, and which have been unsuccessful.  
Additionally, as a main focus of the CBEND project is creating rural employment 
opportunities, we investigated aftercare methods that would allow for further income 
generation for the harvesting workers. 
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 Informal interviews with our sponsors, Robert Schultz and Claus Hager, 
provided us with many suggestions for aftercare methods as well as gave information 
regarding the desires of farmers in Namibia. Different aftercare options were 
researched in depth with constant feedback from our sponsors. We researched 
biomass management options around the world and in Namibia to identify a list of 
potential plants that thrive in low rainfall environments, are fast growing, do not 
contain thorns, and grow well in the invasive bush area. It was hoped that this 
research would find a replacement biofuel source other than the invasive bush.  
 To gather further information on the subject, we contacted experts in Namibia 
and worldwide.  We set up a focus group with several professors at the Polytechnic of 
Namibia in order to share and develop ideas as a group.  Experts in Namibia were 
especially helpful since many of them have already implemented aftercare programs 
similar to those we were researching and therefore could provide the results of their 
research.  One of the attendees, Dave Joubert, had written a dissertation on bush 
encroachment in Namibia, which was particularly useful. He and another attendee, 
Ibo Zimmermann, also had created a website that provides suggestions for combating 
the bush encroachment problem in various areas, which helped provide suggestions 
for short-term solutions.  
 We interviewed Mr. Nico de Klerk, a longstanding scholar of the bush 
encroachment problem in Namibia, to obtain his expert opinions on aftercare 
methods, particularly regarding short- and mid-term solutions.  To acquire additional 
opinions on herbicide use, we contacted Professor Klaus Kellner, an herbicide expert 
from North-West University in South Africa.  
 The aftercare process was incorporated into the design of the trailer, in order 
to allow for proper storage area for the aftercare equipment. We were able to develop 
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recommendations for a three-step solution as well as creating an Excel spreadsheet 
containing all information gathered on the aftercare solutions. Furthermore, an 
aftercare fact sheet was created with information on the selected aftercare 
recommendations for more concise guidance. This fact sheet is provided in Appendix 
L.   
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4.0 Results and Analysis   
 To meet our goal of improving bush harvesting job desirability, we developed 
several accommodation trailer designs.  By analyzing the relative benefits and 
disadvantages, we were able to select one recommendation.  Additionally, we created 
a user friendly dynamic costing tool with Microsoft Office Excel to assist in further 
design changes. 
 Through our research and expert interviews, we compiled a list of land 
aftercare methods, outlining the effectiveness and concerns associated with each.  
Through careful analysis we were able to recommend one aftercare solution as the 
most appropriate for Namibian farmers.   
4.1 Trailer Design Results and Discussion 
 
 In Namibia, the majority of field workers are housed in tents during the week.  
These tents do not provide entertainment, protection from the weather, and are 
considered temporary housing.  In order to retain trained workers for bush harvesting, 
we designed accommodation trailers that would provide workers with beds, television 
access, refrigeration, and storage space.  Through creating more permanent housing 
opportunities, it is hoped that the desirability of the occupation will rise, therefore 
increasing worker retention rates. 
We developed trailer designs based on input from our sponsors, other DRFN 
employees, background research, as well as input from Bezêr and Solar Age, the two 
companies which will be manufacturing the trailer and installing a solar array system.  
By analyzing the different ideas provided by these sources, we finalized several trailer 
designs and identified one as the most appropriate solution for bush harvesting.  
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While only one design was recommended, each trailer has potential for use in various 
applications.  
4.1.1 Amenities Determination 
 
 To determine the necessary amenities to include in the trailer design, we 
interviewed Lucky Ganeb and Alex Moses, two Namibian residents.  They provided 
many suggestions for amenities to include relating to entertainment, sanitation, energy 
efficiency, and cooking.   
 
Entertainment 
 Ganeb and Moses suggested the inclusion of entertainment, such as a radio, 
CD player, or PC, while Robert Schultz of the DRFN suggested a television with 
DVD player.  Entertainment would increase the desirability of the job while boosting 
morale.  The low-stress atmosphere resulting from entertainment will hopefully help 
to keep good interpersonal worker relationships, contributing significantly to a 
healthy work environment.   
 
Toilet Options 
 
 Through our interview, we also learned that having access to a toilet near the 
trailer was a necessity in order to ensure job desirability as well as to avoid snakes and 
other dangerous animals that are commonly found at night. We consulted Dr. Andreas 
Wienecke, a sanitation expert at the Habitat Research Development Centre (HRDC), 
on ideas for a mobile toilet system.  In our informal interview, he presented options 
for mobile, clean, dry toilets. Two options that might work best in a mobile 
environment were the UDS (Urine Diversion System), and the pit toilet.  While the 
UDS separates solids and liquids, collecting solid waste in a biodegradable bag, the 
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pit toilet simply consists of a hole in the ground and a portable plastic toilet above it.  
The relative advantages of each toilet are listed in Table 1.  Because of the high cost 
of biodegradable bags, and the ease of implementation of the pit toilet, we decided to 
go with the simpler option. 
Table 1: Pit vs. UDS Toilet 
Toilet Type Advantages Disadvantages 
Pit Toilet  Cheap 
 Lightweight 
 Small  
 Need to dig pit 
 Possibility of Odors 
 Less sanitary 
UDS Toilet  No Odors 
 No Set-up 
 Requires Bio-
Degradable Bags (must 
be imported) 
 Larger than Pit Toilet 
 
Energy Efficiency 
 Another important consideration offered by Ganeb and Moses was the use of 
energy efficient technology, such as the wind turbine, wood efficient stove, and solar 
box cooker, in order to meet a low power budget. Following up on this, we consulted 
with DB Electric, an electronics store in Windhoek, to compile a list of energy 
efficient and traditional light bulbs.  These options are summarized in Table 2. 
Table 2: Lighting Options 
Item Cost per 
Item (N$) 
Power 
Requirements 
Eurolux 13W Bulb (EE) $28.00 13 W 
Eurolux 18W Bulb (EE) $50.00 18 W 
Osram 14W Bulb (EE) $19.50 14W 
Eurolux 45W Bulb  $240.00 45W 
Eurolux 85W Bulb  $263.00 85W 
Major tech Work light, 
2x26W 
$360.00 2x 26W 
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Ganeb and Moses also provided options for energy-efficient cooking.  Figure 
9 shows the Vesto wood efficient stove.   
 
Figure 9: Vesto Stove, a Wood-Efficient Stove  
(New Dawn Engineering) 
4.1.2 Trailer Specifications 
 
 Based on our amenities research, we designed an 8 person accommodation 
trailer.  After feedback from DRFN executives, we developed three additional 
designs: the 4 person open air, 4 person partitioned, and the storage trailer.  Each of 
these designs is discussed below, with Table 3 summarizing the advantages and 
disadvantages of each.  Additionally, technical drawings of each design may be found 
in Appendix C.  It should be noted that the final costs of the trailer are current 
estimates from the original quotation received from Bezêr, and we recommend to the 
DRFN to follow up with the manufacturing company to receive more accurate 
quotations for these configurations.  
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Table 3: Advantages and Disadvantages of Different Trailer Designs 
Design Advantages Disadvantages Cost ($N) Daily Energy 
Consumption 
Peak 
Power 
8 Person  Inside Living 
space 
 Not accessible 
to SMEs 
N$260,000 3.09 kWh 951 W 
4 Person  More accessible 
to SMEs 
 Inside living 
space 
 Greater Per 
Man Cost 
N$210,000 2.93 kWh 878 W 
Storage 
Trailer(Custom) 
 Cheapest Design 
 Custom design 
 No inside living 
space 
N$167,000 2.87 kWh 865 W 
Storage Trailer 
(Standard) 
 Cheaper and 
quicker 
production 
 Not 
customizable 
N$154,000 2.87 kWh 865 W 
 
8-Person, Open Space Trailer Design 
This trailer design incorporates sleeping accommodation for eight harvesting 
workers along with daily amenities that allow for bathing and cooking.  The trailer is 
5.3 meters long and 2.3 meters wide, with additional storage space over the trailer 
hitch.  The height of the trailer is 2.4 meters, and the floor to ceiling height inside is 
2.0 meters.  The interior of the trailer is not partitioned, allowing for adequate air 
circulation, walking space and flexibility in the utilization of this space.  Additionally, 
next to each bed is an 80cm by 20cm window to allow air flow in the trailer.  The 
slender design of the windows increases security, since they are too small for 
criminals to break and enter.  This design features four permanent bunk beds in the 
front half and four foldable bunk beds in the rear.  The advantage to the permanent 
bunk beds is the added storage capacity underneath, while the foldable beds allow for 
workspace inside the trailer.  In the rear of the trailer, the door folds downwards to act 
as a ramp, eliminating the need for stairs. 
Inside the trailer is storage space for items sensitive to the environment.  Each 
worker has access to a private storage locker that holds approximately 28 liters.  
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Cabinets are located towards the center of the trailer and are used for food storage as 
well as electronic control components.  The design also includes a large, energy 
efficient 225 liter chest freezer.   
One major characteristic of the 8 person accommodation trailer design is the 
utilization of exterior space.  Ample storage is located below the floor, as well as over 
the trailer hitch.  The partitioned storage space allows for the separation of possibly 
toxic herbicides from food preparation equipment, yet the shelving is adjustable to 
allow for flexibility in storage.  Attached to the external wall of the trailer is a large 
table, which folds down to provide work space a table for eating.  Additionally, a 
fold-up awning is located above the table, providing shade during the day.  On the 
opposite side of the trailer, a shower curtain folds out of the side to provide privacy 
while using the gravity-fed shower.  Solar panels are located on the roof of the trailer 
to generate power. 
 After presenting this trailer design to DRFN employees, the largest concern 
was that small and medium enterprises (SMEs) may not see the benefit in spending an 
additional large amount of capital on worker accommodations.  They expressed 
concern that SMEs would be forced to reduce wages to accommodate better living 
conditions for workers.  Given the choice, they argued, workers would rather receive 
higher wages to support their families than nicer accommodations.  
 
4 Person, Open Space Trailer Design 
 Robert Schultz and the DRFN suggested a less expensive 4 person trailer 
option, so as to be more affordable SMEs.  This trailer design is very similar to the 8 
person trailer, but much shorter.  The trailer is designed to accommodate only four 
people, though the included amenities are the same.  The trailer is 3.3 meters long, 
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with extra storage space located over the trailer hitch, 2.3 meters wide, and 2.4 meters 
high, excluding the wheel height.  Similar to the 8 person design, the interior floor to 
ceiling height is 2 meters, where the remaining space below the floor is dedicated to 
storage.  The layout of the trailer is also similar to the 8 person counterpart, although 
the four foldable beds and workspace in the rear of the trailer are omitted.  However, 
the interior storage space and chest freezer remain.  Additionally, the exterior 
components are similar, though the solar power system is smaller due to the lower 
power demands.   
 Even though the trailer is reduced in size, it should be noted that the amount of 
area available to each worker is larger than that of the 8 person trailer.  However, 
since items such as the chest freezer and television remain, with half the amount of 
people, the cost per worker of the trailer is higher. 
 
4 Person, Partitioned Rooms Trailer Design 
 Another concern brought to our attention from the design review was that of 
personal space, as these harvesters would be working and sleeping alongside each 
other for extended periods of time.  Therefore, we considered a partitioned trailer 
design, where each worker would sleep in his individual room.  However, after 
preliminary design sketches, we determined that the partitioned rooms were too small 
to be comfortable.  Each room is only 1.2 meters wide, enough space for a bed and a 
small aisle.  
 Because this trailer is comparable in size to the 8 person design, the per person 
cost is nearly double that of the 8 person trailer.  Due to the associated costs and tight 
space, we determined that this design was unfeasible and unrealistic.  Robert Schultz 
agreed that although the partitioned space would allow for additional privacy, the 
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tight compartments would not be attractive to the harvesting workers.  Due to these 
limitations, we did not look into this design further. 
 
Storage Trailer Design 
Because of concerns involving SMEs and their desire or ability to purchase a 
large trailer, we decided to create a trailer design that was less expensive than 
previous models, yet was still able to provide some basic amenities.  The large storage 
trailer was designed to supplement the current tent accommodations by providing 
freezer space, power, and dry storage space for food and personal items.   
The resulting trailer is 1.5 meters long, with additional storage space over the 
trailer hitch, 1.2 meters wide, and 1.2 meters high, excluding wheel height.  The 
included chest freezer allows for food storage, and is on a rolling platform to allow 
access from outside of the trailer, creating storage space above the freezer.  Similarly, 
batteries for power storage are located over the axle, and slide out for access.  The 
remaining trailer space is devoted to storage for equipment, food, and items such as 
chairs.  The equipment is separated on one half of the trailer to prevent possible 
contamination of food and personal items. 
In addition to the custom storage trailer manufactured by Bezêr, we also 
discussed the possibility of a standard storage trailer, manufactured by a South 
African company, Venter.  The pre-fabricated trailers provide SMEs with a cheap and 
available solution for storage.  Additionally, many models already exist on the market 
to fit various needs.  We specifically looked into the Hawker trailer.  This trailer is 
2.13 meters long, 1.53 meters wide, and 2.1 meters high.  This design allows for 
adequate storage space, including space for a chest freezer.  However, custom work 
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may be required to install shelving, a shade awning, and a work table.  Additionally, a 
solar power system would need to be installed. 
 Although the storage trailers will not provide sleeping quarters inside, it is still 
an important design for better accommodating rural workers.  Currently, the largest 
qualm with residing in tents is the lack of provisions.  By providing workers with 
refrigeration, entertainment, and electricity, it will lessen the burden of living in the 
bush for extended periods of time.  Though sleeping inside a trailer may be the ideal 
solution, smaller storage trailers would still be invaluable to workers, as they would 
provide amenities the workers will need.  These storage trailers may also be 
implemented as a starting point to improving worker conditions, with the eventual 
hope of implementing larger accommodation trailers on a wide scale.   
4.1.3 Bezêr Manufacturing 
 
 Bezêr, a trailer manufacturing company in Windhoek, provided us with a base 
quotation for the original 8 person trailer.  This price included the manufacturing, 
beds, double axle design, solar power system, trailer hitch, and air brakes.  Including 
15% VAT, the cost of the trailer was quoted at N$241,500.   
 After designing three possible trailers, we formally requested a quotation on 
each design, itemized in order to allow for future changes.  In this request, we 
provided a thorough breakdown of each component for the three different designs.  
Unfortunately, Bezêr Manufacturing did not return a quotation in time for discussion 
in this report.  We recommend that the DRFN acquires the quotations for accurate 
figures. 
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4.1.4 Solar Age 
 
 Solar Age Namibia provided us with recommendations on energy efficient 
refrigeration as well as power generation equipment.  After selecting the features to be 
included in the original 8 person trailer, we determined that 5.8 kWh of energy was 
necessary.  Solar Age reported that for this power demand, 14 solar panels were 
needed, with each panel being 1.4 x 0.64 meters.   
 After reanalyzing the power consumption of the trailer designs, we scaled 
down the daily energy demands for each trailer: the 8 person required 3.1 kWh, and 
the 4 person required 2.9 kWh.  From these energy demands, we contacted Solar Age 
to request new quotations on these systems.  Unfortunately, Solar Age did not return 
quotations to us in a timely manner; we again recommend to the DRFN to follow up 
with Solar Age to receive the updated quotations. 
 
4.2 Trailer Selection  
 
Although each of the trailer designs has its benefits, not all are applicable for 
bush harvesting.  Specifically, since the harvesting teams will consist of eight 
laborers, it would be more cost effective to utilize an 8 person trailer, rather than the 4 
person option.  Additionally, farmers prefer to have hired workers to be in a central 
location while on their farms, rather than scattered in tents.  Therefore, we 
recommend that the bush harvesters be housed in an 8 person trailer configuration.  
This would cost the SME approximately N$260,000.  However, this capital will be 
used to treat workers more fairly, resulting in content workers, which would lead to 
higher productivity and worker retention.  In an undesirable job such as bush 
harvesting, it is important to have minimal worker turnover rates in order to keep 
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training costs low and productivity high.  The utilization of an accommodation trailer 
with protected sleeping quarters will increase the desirability of this occupation, as 
well as help ensure the sustainability of the industry.  Two technical drawings of the 
final recommended trailer are given below in Figures 10 and 11. 
 
Figure 10: Top View of the Recommended Accommodation Trailer 
 
 
Figure 11: Side View of the Recommended Accommodation Trailer 
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The important advantage to the 8 person trailer design is its flexibility.  The 
storage space was created to be flexible, to allow for numerous of uses.  Additionally, 
the workspace inside the trailer provides shelter during poor weather.  It is also 
important to note that the exterior of the trailer was utilized for workspace and 
cooking space, which allows for an overall smaller trailer, saving money. 
The flexibility of all the trailer designs is an important aspect.  Although we 
determined that the 8 person trailer was most effective for a bush harvesting team, 
each trailer has potential uses in other applications.  While designing the trailers, we 
determined that it was necessary for trailers to have numerous uses, which would 
allow for their flexibility. This would allow SMEs to purchase accommodation trailers 
and use them in different applications if one endeavor fails, resulting in less capital 
loss.  Creating a trailer design that may only be used for bush harvesting will lock 
SMEs into the growing industry, which may not deem financially viable.   
Additionally, each trailer provides rural workers with better accommodation 
than current conditions.  The live-in trailers provide shelter, allowing workers to 
abandon their tents that provide little protection from the elements.  However, each 
trailer design, including the storage trailers, provides basic amenities that are currently 
lacking from tent accommodations.  These trailers provide refrigeration to preserve 
food, electricity to provide lighting for safety, and entertainment relieving workers 
from the idle nature of their jobs. 
Although these trailers were designed for bush harvesters working in rural 
areas, they will hopefully be implemented in a variety of applications.  The bush 
harvesting system should be considered a model for all of Namibia’s worker 
accommodation.  The current tent accommodations across Namibia do not provide 
workers with sufficient provisions.  Widespread implementation of accommodation 
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trailers would treat workers with greater respect, creating healthy environments and 
allowing for higher productivity and retention rates.  
4.3 Chipper Selection 
 
 Through conversation with Shaughn Frost from Tree-Cycle, a South Africa 
Chipper Distributor, we were able to research various chippers for bush harvesting.  
He recommended that a disc style chipper be utilized, because it is more efficient at 
shredding harder woods (such as the invasive bush), as well as more fuel efficient 
than the drum style chippers.  He specifically suggested the Bandit model 200XP or 
250XP with Caterpillar engines.  Both of these options are able to handle 300mm 
material, suitable for the invasive bush.  The different engine options for these models 
are summarized in Table 4. 
Table 4: Comparison of Chipper Types and Engines 
Chipper Model Capacity Hopper Dim. Engine Horsepower Cost ($N) 
Brandit 
Model 200+: 
RCO668-247 
300 mm 737 x 889 
mm 
Caterpillar 
Diesel 
2054C 
86 HP $198,880.00 
Brandit 
Model 200+: 
RCO670-249 
300 mm 737 x 889 
mm 
Caterpillar 
Diesel 
3054ET 
115 HP $211,040.00 
Brandit 
Model 200+: 
RCO672-251 
300 mm 737 x 889 
mm 
Caterpillar 
Diesel 
3054C 
130 HP $218,640.00 
Brandit 
Model 200+: 
RCO674-253 
300 mm 737 x 889 
mm 
Caterpillar 
Diesel 
3054E 
140 HP $220,560.00 
Brandit 
Model 250: 
RCO668-247 
300 mm 737 x 1626 
mm 
Caterpillar 
Diesel 
2054C 
86 HP $216,320.00 
Brandit 
Model 250: 
RCO670-249 
300 mm 737 x 1626 
mm 
Caterpillar 
Diesel 
3054ET 
115 HP $228,480.00 
Brandit 
Model 250: 
RCO672-251 
300 mm 737 x 1626 
mm 
Caterpillar 
Diesel 
3054C 
130 HP $236,080.00 
Brandit 
Model 250: 
RCO674-253 
300 mm 737 x 1626 
mm 
Caterpillar 
Diesel 
3054E 
140 HP $238,000.00 
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The key difference between the 200XP and 250XP models is the machine size.  The 
250XP model has a larger feed opening, increasing the overall capacity.  Additionally, 
the feed wheel in the 250XP model is larger, further increasing the capacity.  Each 
model also has a variety of available engines. The main difference between each 
engine is the output horsepower.  In general, the higher the horsepower, the quicker 
the brush may be chipped.  Each of these chippers is appropriate for bush harvesting, 
however more research should be conducted to determine the necessary power. 
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4.4 Dynamic Costing Tool 
  
 As the CBEND project progresses, equipment, worker team size, and other 
aspects of the bush harvesting system may change.  Hence, one static 
recommendation for a complete trailer design may not be appropriate.  To address 
this, we have developed an interactive spreadsheet tool that allows the user to 
customize the trailer design by choosing from different appliance and design options.  
The dynamic nature of this tool allows the DRFN, or any other organization, to adjust 
our final recommendation to suit future project specifications.  This tool is also 
expandable, so that the user can add technology and appliances to suit specific needs.  
This allows for the design of a trailer for other applications, such as a mobile medical 
clinic or emergency housing during natural disasters.   
  The costing tool has a database containing information on each appliance.  
This information is organized in categories according to appliance type, in order to 
allow the user to easily find and expand appliance options.  The tool also has an 
interface which allows the user to select different items from drop down menus.  
Based on these decisions, the tool then outputs detailed cost and power breakdowns.   
  
Data Input 
 
 The data input screen allows the user to choose from different options.  Figure 
12 shows a part of the input screen which allows the user to change lighting options.  
Beneath each input box is a hyperlink to allow the user to easily access the database, 
where they may add more appliances and information for expandable use.   
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Figure 12: Lighting Input Box from Spreadsheet Tool 
Scrolling down allows the user to change other options relating to water and personal 
storage, power tools, refrigeration, and entertainment.  Any changes made can then be 
saved under a certain configuration name, as shown in Figure 13.  This allows several 
different configurations to be saved and loaded for different applications. 
 
 
Figure 13: Save and Loading Buttons from Spreadsheet Tool 
 
Data Output 
 
 Based upon input data, the dynamic costing tool gives a detailed breakdown of 
costs, as shown in Appendix D.  The cost breakdown immediately shows which items 
have been selected and how much they cost.  The user can see which categories of 
appliances are the most expensive, and where costs can be reduced.  Additionally, the 
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preconfigured formatting allows the user to immediately print the cost breakdown for 
use at budget meetings or for filing.    
 Similarly, the spreadsheet generates a power breakdown, as shown in 
Appendix E.  This breakdown details the power consumption of each device.  This 
automatically generated list is ideal for providing information on power needs to 
companies such as Solar Age Namibia.   
 
Other Features 
The spreadsheet tool is designed for simple user input.  The box setup allows a 
visual approach, contrasting from the typical spreadsheets Excel is often used for.  
Navigation buttons are provided on the top of each screen to allow the user to easily 
travel between different worksheets.  Additionally, a small walkthrough tutorial 
exists, accessible by another button.  This tutorial allows users to receive a brief 
introduction to each screen, and the available functionality.   
 Another feature is the visual display features for graphically representing data.  
As configurations are stored, bar graphs for cost, daily energy consumption, and peak 
power use are generated to compare the various configurations.  This allows the user 
clear comparison between the different configurations.  Additionally, two pie charts 
are configured to display the cost breakdown as well as the peak power breakdown.  
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4.5 Aftercare 
 In order to ensure the sustainability of the harvesting industry, proper 
harvesting techniques and aftercare methods need to be used to satisfy the farmers. If 
the desires of the farmer are not met, the industry will not succeed due to lack of 
cooperation. Furthermore, proper techniques need to be followed to promote a healthy 
ecosystem.  If too much bush is harvested at one time, the land will lack biodiversity, 
which allows species to become invasive.  With this in mind, we researched methods 
to encourage healthy harvesting of land and techniques to be implemented post-
harvesting that will satisfy farmers. 
Through research and interviews, we compiled many aftercare options. These 
options were then compared using Excel tables. After discussing these choices with 
experts, we selected the final techniques for recommendations.  
4.5.1 Short-term options 
 
 A short-term solution would be implemented immediately after harvesting the 
invasive bush.  This stage of the aftercare process is important for preparing the land 
for the implementation of long-term techniques.  Furthermore, this stage would be 
implemented by the harvesting laborers, increasing their potential for profits.  
 
Herbicides  
 Herbicides have been used for years to control invasive bush in Namibia. 
While this aftercare method has had varying degrees of success, it is one of the best 
options for a short-term solution to bush encroachment.  The most commonly used 
herbicides in Namibia to combat the invasive bush are located in Table 5. 
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Table 5: Common Herbicidal Products for Bush Control in Southern Africa 
(Kellner, 2008) 
Chemical 
Trade 
Name 
Active 
ingredient 
Active 
Ingredient(s)Content 
(pure) 
Type of 
Formulation 
Supplier/ 
Distributor 
Access Picloram 
(potassium 
salt) 
240 g/ l SL Dow AgroSciences/ 
Ecoguard Distributors 
Bromacil 
G10 
Bromacil 100 g/ kg GR Sanachem 
Buschwacker Bromacil 800 g/ kg WP Enviro Industries 
Garlon 4 Triclopyr 
(butoxyl 
ethyl ester) 
480 g/ l EC Dow 
AgroSciences/Efekto 
Hyvar X Bromacil 800 g/ kg WP DuPont 
Hyvar XG10 Bromacil 100 g/ kg GR DuPont 
Molopo(old 
Graslan 20P/ 
Grazer GG) 
Tebuthiuron 200 g/ kg GG Sanachem 
Molopo SC 
(old Reclaim/ 
Grazer SC) 
Tebuthiuron 500 g/ l SC Sanachem 
Savana 500 
SC 
Bromacil/ 
Tebuthiuron 
250 g/l  / 
250 g/l 
SC Sanachem 
Tordon 
Super 
Picloram 
(iso octyl 
ester)/ 
triclopyr 
(butoxyl 
ethyl ester) 
120/ 240 g/ l OL Dow AgroSciences 
Ustilan 10 
GR 
Ethidimuron 100 g/ kg GR Bayer 
Ustilan 20 
GG 
Ethidimuron 200 g/ kg GG Bayer 
Ustilan 70 
WP 
Ethidimuron 700 g/ kg WP Bayer 
Abbreviations: EC = Emulsifiable Concentrate, SC = Suspension Concentrate, SL = Soluble 
Concentrate, GG = Macro Granule, GR = Granule, OL = Oil Miscible Liquid, WP = Wettable 
Powder 
 
 In Namibia, chemical control of the invasive bush is carried out by aerial 
application as well as by hand (MET, 2008).  Both methods have been effective, and 
the method of application is generally based on the amount of area needing to be 
covered, funds available, and availability of a labor force. Aerial applications tend to 
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be less labor intensive, while more expensive than hand spraying; however, when 
treating large amounts of land, aerial application can be the more cost effective 
option.  This research also determined that using herbicides as an aftercare method 
increased net income of livestock farmers by more than 700% in some areas.   
 It is estimated that the density of grasses in an area after herbicidal aftercare 
will increase by 200-400% (MET, 2008). This translates into approximately a N$56 
financial gain per hectare after this aftercare treatment has been applied. Furthermore, 
using herbicidal treatment is relatively fast and can be selective, if applied by hand. 
Herbicides can remain effective at suppressing seedling regeneration for up to five 
years.  
 Dave Joubert, a professor in the Department of Nature Conservation at the 
Polytechnic of Namibia, created a bush management website that provides detailed 
suggestions for specific bush encroachment situations (Joubert et. al., 2007). This 
website can be used by answering questions about the encroachment problem in a 
specific area. The design of the questionnaire is laid out in a flow chart in Appendix 
O. After completing this questionnaire for the northern region, the area targeted for 
bush harvesting by the DRFN, three herbicide solutions were suggested: Molopo SC 
(spray application herbicide), Molopo GG (aerial application herbicide), and Savanna 
SC (spray application herbicide). The advantage of using a handheld spray such as 
Molopo SC or Savanna SC is that the applier can be more selective. Additionally, 
Molopo SC, out of the two, is less expensive. However, if there is high clay content in 
the soil, Molopo SC is not as effective as Savanna SC. The use of spray application 
was suggested because the harvesters could easily implement it, and it is also less 
expensive than aerial application 
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Nico de Klerk, a longstanding scholar of the bush encroachment problem in 
Namibia, also found that herbicides are very effective in combating bush 
encroachment. Furthermore, an environmental impact survey was conducted by the 
Ministry of Environment and Tourism on herbicides used in Namibia, which 
concluded that there are no significant toxic residues or water and meat quality 
concerns (pers. com. with Nico de Klerk, March 2008). However, de Klerk did note 
that mid-term and long-term solutions need to be put in place as well, to ensure that 
regrowth will not occur.  
During the focus group discussion on aftercare, the effectiveness of herbicides 
was analyzed. The herbicide Picloram (commercial name: Access) was suggested by 
Mr. Ibo Zimmermann of the Polytechnic of Namibia, and was then generally agreed 
upon by others in the group.  Some advantages to Picloram are that it is delivered via 
a hand held sprayer, is applied to the stumps, and is colored, so that progress can be 
monitored and over application can be avoided. It has been proven to kill the majority 
of invasive bush species, yet does not damage surrounding vegetation (pers. com. 
with I. Zimmermann, April 2008). Based on these characteristics, it is believed that 
Picloram would be the most effective and cost efficient herbicide to be used.  
 There are also disadvantages to using herbicides as an aftercare treatment 
(MET, 2008). While herbicides are effective in killing unwanted plants, the treated 
plants have shown a resistance to decay and decomposition, which can hinder the 
growth of other plants in that area. Furthermore, herbicides must be properly stored 
on site, and a separate space must be made for storage if transported in the 
accommodation trailers.  
 A compilation of herbicides that we focused on during research is provided in 
Appendix H.  By organizing the research in this manner, the benefits and 
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disadvantages of different herbicides are readily apparent.  After analyzing the 
different choices and taking into consideration the different expert suggestions, we 
recommended Picloram as the short-term solution, due to its known success on 
invasive bush species and its efficient application method.  
 
Pruning 
 Pruning is a method where the branches are removed from the bush, rather 
than harvesting the entire plant. This method prevents heavy resprouting after 
harvesting and eases future harvesting by encouraging the bushes to grow outward 
(pers. com. with Dave Joubert, March 2008).  It is also important to note that the 
harvested branches need to be more than 2.5 cm in diameter to be useful for charcoal 
production, and that harvesting a thorny bush with 10 to 20 stems can be incredibly 
difficult. By pruning, one takes only the useful branches, leaving smaller ones to 
continue growing for future harvesting. 
 Concerns with implementing a pruning technique are that harvesters will not 
be properly trained or willing to implement this system. It would be beneficial for 
them financially to shred the whole plant during the first harvest as opposed to just a 
few branches.  Furthermore, if only branches are shredded, there will be problems 
trying to meet the same quota of biomass. With these concerns in mind, we do not 
suggest this system as an aftercare method; however, it is recommended to research 
this idea further. 
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4.5.2 Mid-term options 
 
 Mid-term aftercare techniques occur at approximately one year after the land 
has initially been harvested.  The focus of mid-term options is to control the unwanted 
regrowth of the invasive bush.   
 
Browsers 
 Animals, such as goats and cattle, have been used in Namibia in an attempt to 
control bush encroachment (MET, 2008). It was found that goats alone decreased the 
bush by 70.1%, and cattle alone decreased the bush by 62.8%. However, when goats 
and cattle are used together, the quantity of bushes decreased by 77.8%.  Since the 
cattle prefer to eat the grasses, the goats are forced to eat more bushes due to 
competition for grasses.  An advantage to using only goats, however, is that grass 
species increase by 1.95-3.6%.  
 There are also disadvantages to using goats. The purchase and upkeep of goats 
can be expensive, and many farmers may not find the investment feasible. Nico de 
Klerk agreed with these sentiments, and added that while using browsers could be 
successful in combating the bush, goats would not be a suitable solution in the long 
run. While it is possible to use browsers as a bush control mechanism, a great number 
of goats would be needed to control the whole harvested area. The MET (2008) found 
that “goats can be introduced successfully to utilize and control regrowth as a follow-
up to other methods like the application of herbicides, felling/stumping, and 
controlled or accidental fires... [however]...grazing pressure needs to be at a level 
where the growth is kept low” (p. 238). To keep grazing pressure high, a large amount 
of goats are necessary, which is costly. 
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 It was found by the Ministry of Environment and Tourism (MET, 2008) that 
when given the option, few farmers use browsers because “they are difficult to 
manage, it is expensive (in respect of herding or fencing), and there is the constant 
risk of theft and predators” (p. 238).  Additionally, browsers that have been feeding 
on bush are less valuable because their diet is not ideal for meat production.  Most 
farmers would not want to invest in such an expensive endeavor, especially with high 
levels of theft and attack by predators.  Due to these many negative attributes, we do 
not recommend browsers for use in an aftercare program.  
 
 Herbicides 
 Herbicides may also be used as a mid-term bush control solution. After a 
short-term solution has been implemented, most of the regrowth will have been 
prevented. However, because of the plants’ vast root system or improper application, 
resprouting may still occur.  Herbicides can then be applied to the sprouts, and 
regrowth of the bushes will be halted. Due to the success of Picloram on the invasive 
bushes, this herbicide was also chosen to be recommended as the mid-term solution. 
 
Pruning 
 Pruning, by nature, is a continuous solution. If pruning was employed as a 
short-term solution, it would be required to continue into the mid-term time period as 
well. Pruning may also be used as a mid-term solution in conjunction with another 
short-term solution. After initial regrowth is stopped through herbicides, the 
remaining regrowth could then be controlled by pruning. This would keep a source of 
harvestable bush in the area, and would also make the bushes easier to chop down. 
However, it is unlikely that enough biofuel could be produced from simply pruning, 
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which is why this method was not recommended for implementation. More research 
should be done, however, to confirm this hypothesis.  
 
Veld fires 
 We also considered the use of fire to control invasive bushes in Namibia.  To 
ensure an effective burn, a minimum of 1,500 to 2,000 kg of grass per hectare is 
necessary (MET, 2008). However, in areas of high bush densities, these levels of 
grass do not exist, and therefore, veld fires should be used as a mid-term solution and 
not a short-term solution. Furthermore, while fires have an initial kill rate of about 
90% for plants up to 2 m in height, many of the invasive bushes are taller than this. 
The damaged bushes will generally resprout, because their extensive root systems 
would not be destroyed through burning.  
 Another reason for implementing veld fires as a mid-term solution in 
conjunction with a short-term solution is that veld fires are most successful when used 
during the regrowth period. Fire prevents seed production, and suppresses the growth 
and establishment of new seedlings (MET, 2008). While veld fires are not as 
successful at killing fully grown trees, they have been proven effective at killing new 
seedlings.  
 Veld fires have proven successful in the past; however, there is concern that it 
would be difficult convincing neighbors to work together in this endeavor, and thus 
proper control would be difficult to attain (pers. com. with Nico de Klerk, March 
2008). Without proper control of a veld fire, a dangerous situation could emerge that 
would damage property and wildlife habitats. Veld fires are generally considered 
undesirable by neighboring farms, due to the risk of spreading to their land, making 
persuading farmers in the area relatively difficult. In Namibia, not enough information 
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is available on proper fire control to provide to farmers, and there are no “fire teams” 
available for hire to properly implement a veld fire. Furthermore, the use of veld fires 
is time and season dependent. Therefore, it would be a consistently good mid-term 
solution, because the conditions must be ideal (pers. com. with Dave Joubert, April 
2008). Due to these concerns regarding control and timing, the implementation of 
veld fire as a mid-term solution is not suggested for use as an aftercare solution.  
4.5.3 Long-term options 
 
 Long-term options are important for ongoing sustainability of the land and the 
harvesting industry by meeting the desires of the farmers.  The selected long-term 
option must also promote a healthy ecosystem. We considered several options, 
including: planting biofuel plants, continuing with a pruning system, and 
implementing a land restoration system.  
  
 
Planting biofuel plants 
 After short and mid-term solutions have been implemented, it is hoped that a 
long-term solution for the harvested land can be found. This could be accomplished 
by planting another non-invasive species in the harvested area to replace the bush as a 
fuel source. This new species would then remain in that area as the sustainable source 
for energy, since it would not share the same undesirable characteristics as the 
invasive bush. Through research and communications with plant and biomass experts, 
we developed a list of plants that could be introduced in the harvested areas, and 
analyzed the options based on several characteristics. This information is located in 
the table in Appendix N.  
 Through research and communications, Acacia senegal showed promise as a 
possible solution. It is a high value cash crop for its gum production, is non-invasive, 
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and native to Namibia. However, there is some apprehension regarding biomass 
potential because the plant currently grows rather sparsely and does not have a very 
high frost tolerance. Due to these concerns, we recommend that a test plot be 
implemented to determine the success of Acacia senegal in harvested areas.  
 Digitaria eriantha also showed promise as a solution. It is a good choice for 
restoration and can be used as fodder (animal feed); however, concerns remain on the 
subject of its biomass potential.  If it was not used for biomass, it would be more 
beneficial to have a mix of native grasses instead. 
 The other plants researched were ruled out as biofuel options for various 
reasons. These plants were either non-native, invasive, had low biomass potential, or 
would not grow well in the proposed area. For this reason, planting a different plant to 
replace the bush was not chosen as an aftercare method.  
Test plots are a valid way to show whether a method is successful or not. Test 
plots have been created for Acacia senegal (pers. com. D. Joubert, April 2008), but 
more time is needed to discover if it is successful. However, if the test plots are 
successful, this aftercare method should be considered.  Additionally, although a 
continuous supply of biomass is necessary to achieve a sustainable bush-to-electricity 
industry, the current quantity of invasive bush in Namibia is large enough to provide 
adequate power to Namibia.  However, we recommend that extensive research and 
study be conducted to determine how many years the current invasive bush could 
produce power, and precisely how long it takes the invasive bush to regrow to a 
harvestable height. 
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Pruning 
 Due to the nature of pruning, it may also be considered as a long-term option. 
Instead of cutting down entire bushes at a time, only large branches would be taken 
and used for fuel. This would ensure that there is always a fuel source. However, the 
primary concern with this method is that enough biofuel will not be produced. 
Furthermore, this system would require harvesting teams to be closely monitored in 
order to make sure they are indeed pruning, as opposed to cutting down entire bushes.  
For these reasons, pruning was not recommended as an aftercare method.    
 
Land restoration system 
 This system focuses mainly on satisfying the desires of the farmers: to have 
their land returned back to cattle grazing area (pers. com. with Nico de Klerk, March 
2008). This desire is met through the land restoration system.  To return the land to 
cattle grazing area, bags of native grass seeds would be provided to the farmers after 
harvesting is complete. Native grasses help to lower erosion problems as well as 
provide fodder for the cattle. After successful short- and mid-term aftercare programs, 
the grass will grow unhindered by the invasive bush.  However, one disadvantage to 
this program is that it requires the farmer to spread the seed, since the grasses must be 
planted during the proper season.  As an incentive to use the seeds, it is recommended 
that the entire aftercare program, including the seeds, be a required cost in addition to 
the basic harvesting price. Ideally, if the farmer has already bought the seeds, they 
would use them.  Properly educating farmers about land restoration and maintaining a 
healthy ecosystem, through use of small education programs or pamphlets brought by 
the harvesters, would help to ensure the success of this system. We believe that this 
aftercare system is the healthiest for the land by returning it to cattle grazing. 
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Furthermore, while this system does not promote a continuous supply of biofuel, it is 
the general consensus of bush encroachment experts in Namibia that there is enough 
invasive bush in existence to sustain the industry. Therefore, we recommend that a 
land restoration system be implemented as a long-term solution.    
4.5.4 Recommended Aftercare Solution 
 
 In implementing an aftercare system, it is necessary for it to be desirable to the 
farmer. Farmers will not be interested in buying an aftercare program unless is meets 
their needs. Due to this fact, the land restoration system was chosen to allow the land 
to be returned to cattle grazing. The land restoration system is also the most beneficial 
to the land because it promotes a healthy ecosystem and biodiversity. It also increases 
the profit yield of the land by providing additional cattle grazing area.  
 The land restoration system needs to be kept in mind while harvesting. During 
the harvesting period, at least 400-600 bushes per hectare need to be kept to maintain 
a healthy ecosystem (pers. com. with Nico de Klerk, March 2008). This is important 
to prevent erosion and promote biodiversity in the area. Therefore, restrictions on 
clear cutting need to be strictly enforced.  
 The short-term solution that would be implemented in this system would be 
the application of Picloram herbicide. This herbicide has proven to be the most 
effective in test plots and is effective on the majority of invasive bush species (pers. 
com. with Ibo Zimmermann, April 2008). It also requires only one dose per stump 
(MET, 2008). The use of Picloram would also be the mid-term solution implemented 
approximately one year after harvesting.  This would help prevent any future 
regrowth. 
 The only concerns with using Picloram are that it is a toxic chemical, however 
low, and the harvesters would need to be trained on proper application and safety 
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measures. Important safety information and application methods can be found in 
Appendices I, J, and K. If proper application procedures are followed and safety 
measures are taken, there should be no concerns in regard to worker health or the 
environment.  Furthermore, this program aids in creating additional employment 
opportunities, which is an important goal of the CBEND project. The harvesting 
teams would be responsible for gathering seeds from the native grasses in the fall to 
provide to the farmers as part of the land restoration system. This would increase the 
amount of work the harvesting teams are responsible for and hopefully bring them 
additional income.  
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5.0 Conclusions 
We concluded that the 8 person trailer would be the ideal accommodation for 
the bush harvesting application, as these teams typically consist of eight workers. A 
trailer would provide a ventilated, safe environment – a vast improvement over the 
tents currently in use.  The bathing, entertainment, cooking, and lighting amenities 
provided will contribute to satisfactory worker conditions, which will hopefully create 
a more sustainable labor force for this industry.  Although there are concerns that this 
design may not be financially accessible to SMEs, we feel that it is the best solution 
for the workers, and well worth the efforts required to purchase it. 
To allow for a flexible trailer design, dependent on a predetermined budget 
and number of workers, we developed an Excel spreadsheet tool. This tool allows the 
DRFN, or any other interested company, to input requirements for the trailer, such as 
refrigeration or lighting, and obtain the detailed cost and power breakdowns 
generated. From the initial results, the items can be scaled down to fit a specified 
budget.   
In order to ensure land sustainability and meet the desires of the farmers, it 
was also necessary to consider methods to treat the land after harvesting. We 
conducted several interviews with experts on invasive bush to brainstorm aftercare 
methods. Our sponsors requested a three step plan including short-, mid-, and long-
term solutions.  Based on results from a focus group conducted with bush 
encroachment experts at the Polytechnic of Namibia, we determined that an herbicide 
was the best choice for the short-term solution, specifically Picloram. This herbicide 
has proven to be effective in bush control in the past, is highly selective due to its 
spray application, and is colored so that application can be monitored. For a mid-term 
 58 
solution, we decided that Picloram should be re-applied after the one year resprouting 
period. This will ensure that regrowth of the invasive bush does not occur.  
The long-term solution we recommend is to implement a land restoration 
system. In this system, the land is returned to cattle grazing area. Bags of mixed grass 
seeds will be given to the farmers. Native grass will help prevent erosion and promote 
a healthy ecosystem. Furthermore, it will increase the profitability of the land by 
allowing cattle to return to the area. 
Although a lot of information was gathered during this project, there is still 
much more that can be done. In order to complete the CBEND project there are 
several issues that must be addressed, such as future research in aftercare. 
Recommendations for further research, studies, and future IQPs follow in the next 
chapter. 
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6.0 Recommendations 
  It is important to keep in mind that our trailer design and aftercare 
recommendations are theoretical in nature. Due to this, we recommend future research 
to solidify the practical implementations of these ideas. We have outlined solutions to 
potential problems that may arise.  Through the use of our deliverables, such as the 
dynamic costing tool and aftercare spreadsheets, the DRFN will be well equipped to 
handle such problems.   
6.1 Trailer Recommendations 
 
One important aspect that remains before implementing a trailer design is 
worker feedback.  By interviewing rural workers, the social acceptance of these 
trailers can be verified.  Based on their feedback, design changes to more amiably suit 
cultural norms may easily be implemented with the help of our dynamic costing tool.  
Therefore, we recommend that workers be interviewed to determine whether they 
would like to live in accommodation trailer, and whether our designs would be 
acceptable to them.   
To assist this further research, we have supplied the DRFN with cardboard 
models of the 8 person and 4 person accommodation trailers, as shown in Appendix F.  
These can be brought out in the field and used as a visual to talk to workers regarding 
the desirability of living in an accommodation trailer. Information on the importance 
of adequate housing, as opposed to a slightly higher salary will also need to be 
obtained.  
Although originally designed for eight person harvesting teams in the field for 
five days, the accommodation trailers have numerous potential uses.  The 8 person 
trailer was ideal for harvesting teams, as it creates ample accommodation for workers.  
However, some farmers, as well as uranium mine operations, have expressed interest 
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in smaller versions of the trailers, housing only four laborers.  The rugged landscape 
makes towing larger trailers difficult and expensive and bigger trucks would be 
required.  The mobility of a smaller trailer would allow accommodation anywhere on 
the farmland accessible by vehicle.  Also, the sizeable storage space would provide 
for various applications of the trailer.  The solar power system is capable of powering 
lights, a refrigerator, as well as power tools necessary for various types of work. 
In addition to the utilization of 4 person trailers on farms, these trailers would 
also be suitable in numerous other applications.  Suggestions for future research and 
implementation are: 
 Namibia Roads Construction Company (RCC) 
 Mobile Medical and Testing Clinics 
 Mobile Education and Awareness Trailers 
 Emergency or Temporary Shelters  
The flexible design of the trailer allows for various uses.  Although similar trailers 
have been utilized in the past for these applications, the trailers we designed are 
unique because they may be implemented in a wide variety of ways.  This would 
allow businesses and governments to invest in similar trailers and use them as needed. 
A final recommendation is looking into a modular design of trailers.  Since 
there may be a greater demand for 4 person trailers, a modular trailer should be 
designed to allow two such trailers to be linked together.  Although currently the 4 
person trailer costs more per occupant than the 8 person trailer, if the trailers are 
mass-produced, smaller trailers may become more cost effective.  Additionally, in 
some scenarios, companies may have numerous 4 person trailers because different 
operations require varying numbers of workers.  A modular trailer design would allow 
for flexibility in its uses. 
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6.2 Dynamic Spreadsheet Tool 
 
One major advantage of our trailer design concept is its flexibility.  Our 
dynamic costing tool allows this flexibility by creating different design configurations 
based on user input.  To ensure maximum functionality of this tool, we recommend 
further product information be included in the database.  Because the current data may 
limit possible designs, the spreadsheet tool was designed to allow for the addition of 
extra data. Specifically, as this spreadsheet was designed for use with the harvesting 
trailers, there is a need for information on other appliances. Therefore, if used in 
designing a medical clinic, additional information would need to be added. 
6.3 Aftercare recommendation 
 
Important aspects to keep in mind when choosing an aftercare program: 
 A manager should be onsite to oversee proper harvesting. This will help to 
ensure biodiversity remains in the area and that proper harvesting and 
aftercare techniques are being used. 
 Small twigs and other biomass should be left in areas of high density 
harvesting. Leaving behind some biomass is important for a healthy 
ecosystem. 
 The desires of the farmers who own the harvested land should always be 
considered. If the aftercare system that is recommended is not something the 
farmer would like, they may not help to implement it, and it may not be 
successful. 
 Introducing an alien species is highly discouraged. The introduction could lead 
to further invasive plant problems. Also, most alien species have a higher 
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demand for water, which would drain the already scarce ground water in the 
area.  
 It would be best to pay the harvesters per hectare cleared rather than the 
weight of harvested biomass. This will help to discourage clear cutting, which 
does not promote a healthy ecosystem. 
 
 We suggest that the DRFN implement our recommended aftercare solutions in 
a small test plot. This is especially important for herbicides. Detailed research on the 
environmental impact of Picloram is not readily available in Namibia. Therefore, test 
plots and further research on the herbicide is recommended before widespread use.  
Furthermore, while Picloram is known to kill the majority of the invasive plants, it 
may not be the best choice for all soil conditions. Therefore, every harvesting area 
should be researched thoroughly to make sure that the correct herbicide is being used. 
This can be done with small test plots at each harvesting area before the aftercare 
program is put into place. Furthermore, the Excel spreadsheet on herbicides in 
Appendix H can be used to guide herbicide selection.  
 Specifics on the make up of the grass seed mixture supplied to the farmers will 
depend on additional research on the area that is being harvested, such as soil quality, 
frost level, and rainfall. Native grasses vary based on region.  It is crucial to survey 
the area that will be harvested for native grasses, and collect the seeds during the 
correct season to be provided to the farmers.  
 Further research also needs to be conducted to ensure the sustainability of the 
harvesting industry. Most bush encroachment experts in Namibia believe that the 
invasive bush is so plentiful, that harvesting for electricity production will not 
completely eradicate it. However, more research should be done on this topic. If it is 
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found that the bush is not a sustainable resource with the recommended aftercare 
system, it is possible that areas of farms should allow the bush to regrow after 
harvesting. Those areas could then be reharvested 20-30 years after the first harvest 
(pers. com. with Dave Joubert, April 2008).  
 In addition to letting the bush regrow, other aftercare programs to promote the 
industry’s sustainability should be looked into. Further research into potential high 
biomass yielding plants should be conducted as well as looking into the option of 
pruning. Potential biofuel plant research can be continued from the compiled 
information gathered on this topic, found in Appendix N. Pruning may be a good 
option to maintain sustainability if harvesters only prune the trees for biomass and 
leave the main trunk (pers. com. with Dave Joubert, April 2008). This system would 
then provide fuel for the next harvest in that same area. However, the question still 
remains as to whether or not pruning will provide the harvesting teams with enough 
biomass to make a continued profit.  Further research could provide useful elucidation 
on this topic.   
 Since this project focused on aggregating information on aftercare methods, 
no test plot experiments have been conducted, and so the effectiveness of the 
recommended aftercare program cannot be guaranteed.  For this reason, continuation 
of research before implementation is crucial. The provided Excel documents on 
aftercare research should prove particularly important if changes need to be made to 
the program due to unforeseen problems. However, through thorough research and 
implementation of test plots, a solution should be found.  
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Appendices: 
Appendix A: The DRFN 
 
Project Sponsor Information: The Desert Research Foundation of Namibia 
 
The Desert Research Foundation of Namibia (DRFN, 2007) began as a small 
research station in 1963 called The Desert Ecological Research Unit (DERU).  The 
DERU became the prominent research foundation for the Namib Desert.  In 1990, the 
same year Namibia gained independence, the DERU became known as the DRFN.  
Today the organization continues to use its knowledge of the Namib Desert to 
facilitate the development of the country.  
The DRFN is an independent, non-governmental research organization, which 
aims to, “enhance decision-making for sustainable development through research, 
training and consultancy in the country's land, water and energy sectors” (DRFN, 
2007, Mission).  While this mission is broad, it focuses on providing opportunities for 
communities, villages, and individuals who are struggling with the harsh environment 
to improve their lifestyles.   
The DRFN is divided into three sectors, the land, water, and energy desks 
(DRFN, 2007). The energy and land sectors are currently focusing on finding a 
solution to the Northern Namibian invasive bush problem, which encroaches on 
agriculture, cattle grazing, and natural habitats. A current system for harvesting the 
bush is either inefficient or does not exist. The DRFN has a rich history of providing 
environmental evaluations as well as education and teaching programs. Their 
experience will help guide the people of Namibia to solve the invasive bush problem 
in an independent and sustainable manner.  
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The DRFN is managed according to the M8, a group made up of directors 
from various divisions within the organization (DRFN, 2007), while the policy of the 
foundation lies with a Board of Trustees. The activities of the DRFN fall into four 
basic categories: community based programs; research, synthesis, and networking; 
environmental impact assessments; and environmental education and awareness. 
There are many post-doctoral researchers, graduates, post-graduates, field assistants, 
diplomats, volunteers, and laborers, all working to make the organization’s projects 
possible.  There are approximately 35 permanent employees working for the DRFN, 
with other part-time assistants and volunteers focusing on specific projects.   
Although the DRFN is a non-governmental organization, they are often 
consulted by the government for policy making and to provide recommendations for 
both the public and private sectors to encourage sustainable development (DRFN, 
2007). The DRFN is currently working on the CBEND project, which aims to solve 
the bush encroachment problem. The bush encroachment project is funded by the 
National Planning Commission Secretariat, the European Commission, the Namibia 
Agriculture Union, and the Namibia National Farmers Union.  Additionally, the 
foundation is working alongside the Namibia Women’s Association, the Electricity 
Control Board, NamPower, the Ministry of Lands, and the Ministry of Agriculture- 
Directorate of Forestry to help find a solution to the invasive bush problem. 
 The DRFN prides itself in finding solutions to the problems of the Namibian 
people (DRFN, 2007). Their knowledge and experience in the land and energy sectors 
will help provide a solution to the bush encroachment problem and create a viable 
power source for Namibia. Through their education and programs, they strive to not 
only solve the problem today, but also to ensure its continuation into tomorrow.   
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Appendix B: Contact Information 
 
1. Amwele, Hilma 
Background: Professor Hilma in the Department of Agriculture at the 
Polytechnic of Namibia. She provided valuable aftercare suggestions.  
 
Contact: Landline: 061 207 2173 
Email: hamwele@polytechnic.edu.na 
 
2. Bezuidenhout, Johny and Dudley  
Background: Johny and Dudley are the manager and cost estimator, 
respectively, of Bezêr’s Trailer and Body Craft Company. Bezêr is the trailer 
manufacturer that will be used to make the trailer. They provided a cost-analysis 
of the trailer as well as suggestions for design.  
 
Contact: Landline: 061 21 6274/87 
Email: johny@bezers.com and dudley@bezers.com  
Cell: 081 124 1398 (Johny)  
        081 129 0424 (Dudley) 
 
3. Brewer, Bruce, Ph.D 
Background: Dr. Brewer works for the Cheetah Conservation Fund and is in 
charge of the CCF BushBloks project. He has also been the general manager 
since 1998.  
 
Contact: Landline: 067 30 6225 
Email: brucebrewer@Bushblok.com 
cheeta@iafrica.com.na 
babrewer@ix.netcom.com 
Cell: 081 124 7799 
 
4. Conroy, Andrew B., Ph.D 
Background: Dr. Conroy is a Fulbright from the University of New Hampshire 
lecturing in the Department of Agriculture at the Polytechnic of Namibia. Dr. 
Conroy provided information on aftercare programs.  
 
Contact: Landline: 061 207 2710 
Email: aconroy@polytechnic.edu.na 
Cell: 085 555 3470 
 
5. Curtis, Barbara  
Background: Mrs. Curtis worked at the NBRI, specifically on the Namibian 
Tree Atlas project. Currently she works at the Polytechnic of Namibia in the 
Department of Nature Conservation as a lecturer. She provided insight into 
possible native plants to replace the invasive bush after it is cleared out by the 
harvesting teams and attended our focus group. 
 
Contact: Landline: 061 207 2188 
Email: bcurtis@polytechnic.edu.na  
Cell: 081 222 8686 
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6. DB Lighting 
Background: DB Lighting is a lighting store located in Windhoek that carries a 
line of energy efficient light bulbs. We visited the store to get prices for lighting 
in the trailer.  
 
Contact: Landline: 061 27 1890 
 
7. Frost, Shaughn  
Background: Employee at South Africa’s Tree-Cycle, a Chipper distributor.  He 
has worked with other Namibian organizations to recommend appropriate 
chippers for the thorny bush. 
 
Contact: Landline: 27 21 930 4555 
Mobile: 082 338 8951 
Fax: 27 21 930 4216 
Email: info@tree-cycle.co.za 
 
8. Ileka, Helvi  
Background: Member of the Management team at Solar Age Namibia who 
provided a cost breakdown for installing solar panels given the amount of power 
the trailer will demand. Solar Age will install the energy system on the trailer 
upon its completion.  
 
Contact: Landline: 061 215 809 
Email: Helvi@solarage.com  
Fax: 061 215 793  
 
9. Jankowitz, Willem, Ph.D 
Background: Professor in the Department of Nature Conservation at the 
Polytechnic of Namibia. He provided valuable aftercare suggestions.  
 
Contact: Landline: 061 207 2031 
Email: wjankowitz@polytechnic.edu.na 
 
10. Joubert, Dave 
Background: Mr. Joubert is a lecturer in the Department of Nature Conservation 
at the Polytechnic of Namibia. Mr. Joubert has done extensive research into the 
invasive bush in Northern Namibia, specifically on the Acacia mellifera. Mr. 
Joubert created the Chameleon Bush Encroachment Wiki program available 
online that give suggestions for aftercare programs. He also provided 
suggestions through communications.  
 
Contact: Landline: 061 207 2462 
Email: djoubert@polytechnic.edu.na 
 
11. Kellner, Klaus  
Background: Prof. Kellner has been teaching at North-West University in South 
Africa in Terrestrial Plant Ecology since 1988. He specializes in degradation 
and desertification of the arid- and semi-arid rangelands, as well as the 
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restoration and rehabilitation of degraded rangelands.  He also created the 
EcoRestore program through the North-West University including the “Bush 
Expert” online program which provides valuable information on how to manage 
bush encroachment. Prof. Kellner provided valuable suggestions on aftercare 
programs as well as information on further contacts.  
 
Contact: Landline: +27 18 299 2510 
Email: klaus.kellner@nwu.ac.za  
 
12. de Klerk, Nico 
Background: Mr. de Klerk worked for the Ministry of Environment and 
Tourism, specifically researching the effect of bush encroachment on Namibia. 
Mr. de Klerk provided valuable information on what types of aftercare have 
been used in the past and their success rates.  
 
Contact: Landline: 061 25 1853 
Cell: 081 128 3432 
 
13. Smith, Elaine Sjalome  
Background: Ms. Smith is the Manager of Research and Development for the 
Namibia Agricultural Union. She provided contact information on farmers who 
currently implement aftercare systems.  
 
Contact: Landline: 061 237 838/9 
Email: elaine@agrinamibia.com.na  
 
 
14. Wienecke, Andreas, Ph.D 
Background: Dr. Wienecke works for the Habitat Research and Development 
Centre in Windhoek. He is an expert on environmentally friendly dry toilets. He 
was contacted about possible toilets to implement in the trailer and provided 
suggestion for a portable, small, dry toilet as well as ideas for privacy.  
 
Contact: Landline: 061 26 8211 or 061 26 8200 
Email: awienecke@hrdc-na.iway.na  
 
15. Zimmermann, Ibo  
Background: Professor in the Department of Agriculture at the Polytechnic of 
Namibia. He provided valuable aftercare suggestions and attended our focus 
group. 
 
Contact: Landline: 061 207 2461 
Email: izimmermann@polytechnic.edu.na 
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Appendix C: Request for Proposal to Bezêr Manufacturing 
DRFN 
Jon Baldiga 
jbaldiga@wpi.edu; nbt08@wpi.edu 
18 April 2008 
 
Request for Quotation 
Bezêr’s Trailer & Body Craft cc 
 
The Desert Research Foundation of Namibia (DRFN) is determining options for 
accommodation trailers used by bush harvesters.  The purpose of these documents is 
to provide Bezêr Manufacturing specifications on possible design configurations, as 
well as necessary components.  Included in this packet are three possible trailer 
designs: 
 
 8 Person live-in trailer 
 4 Person live-in trailer 
 Storage trailer (0 occupancy) 
 
Each design should meet the following specifications: 
 
 Any and all road requirements- must meet all legal guidelines for trailers, 
including, but not limited to, braking system, warning lights, weight and size 
requirements 
 Equipped with a hitch for towing 
 Sturdy for use on dirt roads 
 Able to support weight of chest freezer, beds, persons (if applicable), and light 
harvesting equipment 
 
Additionally, the trailer must be able to support a solar power system, though Bezêr 
will not be responsible for the installation of said system. 
 
 Able to house a solar power system, including any necessary components 
 Able to support weight of solar system on roof 
 Able to support battery storage (six, 12kg batteries), preferably over the 
axle(s) 
 
The three designs are further detailed below, with specific requirements and items to 
be included in the design. 
 
We would like a quotation for each one of these designs, preferably itemized in order 
to see the costs of each feature (such as storage space, cabinets, etc).  This will greatly 
help us as we finalize our design. 
 
Thank you in advance for providing these quotations! 
 
Sincerely, 
Jon Baldiga 
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8 Person Live-in Trailer 
 
 
This design is intended to house 8 employees.  Overall the trailer is 5.3 meters long, 
2.3 meters wide, and 2.4 meters high (excluding wheel height).  Additionally, over the 
trailer hitch, extra storage space should be included.  Inside the trailer, the floor to 
ceiling height is 2 meters, where the remaining 400 mm is storage space below the 
floor.  The following components should be implemented: 
 4 Permanent Bunk Beds 
 4 Foldable Bunk Beds 
 Cabinet space  
 8 Windows 
 Door in the rear 
 Folding Table fixed to the outside 
 Extendable Awning for shade 
 Collapsible shower curtain and shower head 
 Partitioned storage space with adjustable height shelving
 77 
 
Figure 14: 8 Person trailer top view 
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Figure 15: 8 Person trailer exterior left side view 
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Figure 16: 8 Person trailer interior left side view 
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Figure 17: 8 Person trailer exterior right side view 
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Figure 18: 8 Person trailer exterior rear view 
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Figure 19: 8 Person trailer exterior top view 
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4 Person Live-in Trailer 
 
 
This design is intended to house 4 employees.  It is nearly identical to the 8 Person 
design, just smaller in length.  Overall the trailer is 3.3 meters long, 2.3 meters wide, 
and 2.4 meters high (excluding wheel height).  Additionally, over the trailer hitch, 
extra storage space should be included.  Inside the trailer, the floor to ceiling height is 
2 meters, where the remaining 400 mm is storage space below the floor.  The 
following components should be implemented: 
 4 Permanent Bunk Beds 
 Cabinet space  
 4 Windows 
 Door in the rear 
 Folding table fixed to the outside 
 Extendable awning for shade 
 Collapsible shower curtain and shower head 
 Partitioned storage space with adjustable height shelving 
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Figure 20: 4 Person trailer interior top view 
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Figure 21: 4 Person trailer interior left side view 
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Figure 22: 4 Person trailer exterior side view 
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Figure 23: 4 Person trailer exterior left side view 
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Figure 24: 4 Person trailer exterior rear view 
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Figure 25: 4 Person trailer exterior top view 
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Unoccupied Storage Trailer 
 
The storage trailer is designed to accommodate any storage needs of the workers for a 
week.  The trailer is 1.5 meters long, with additional storage over the hitch, 1.2 meters 
wide, and 1.2 meters high.  The following components should be implemented: 
 Extendable awning for shade 
 Collapsible shower curtain and shower head 
 Partitioned storage space with adjustable height shelving 
 Space for a large chest freezer in the rear (W119 x D66.5 x H87.6 cm) 
 Rollers underneath freezer to allow freezer to slide out of trailer to open 
 Rollers underneath battery storage to allow battery access 
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Figure 26: 0 person trailer exterior top view 
 
 
 
Figure 27: 0 person trailer exterior rear view 
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Figure 28: 0 Person trailer exterior left view 
 
Figure 29: 0 Person trailer exterior right view 
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Appendix D: Dynamic Spreadsheet Cost Breakdown Output Screen  
Table 6: Dynamic Spreadsheet Cost Breakdown Output Screen 
Category Item Cost Per Item Quantity Total Cost 
        N$367,190.84 
Base Trailer Price   N$240,000.00 1 N$240,000.00 
Power System 818   W     N$107,433.14 
Total Amenities Cost       N$19,757.70 
          
Lighting       N$1,348.00 
  Eurolux 13W N$28.00 1 N$28.00 
  Eurolux 45W N$240.00 4 N$960.00 
  Major tech Work light, 2x26W N$360.00 1 N$360.00 
Water       N$3,989.22 
  Okahandja 500 Liter Transport N$1,329.74 3 N$3,989.22 
Refrigeration       N$8,392.00 
  Freezer: SunDanzer DCF165 N$8,392.00 1 N$8,392.00 
Personal Storage       N$3,200.00 
  80012SV-U N$400.00 8 N$3,200.00 
Entertainment      N$1,543.68 
Television Sylvania 15" LCD HDTV/DVD Combo N$1,543.68 1 N$1,543.68 
DVD Player Toshiba S-D4000 N$400.00 0 N$0.00 
Seating      N$572.80 
  Apex Camping Stool ST-G-140 N$71.60 8 N$572.80 
  None N$0.00 0 N$0.00 
Cooking      N$232.00 
  Vesto N$232.00 1 N$232.00 
Power Tools       N$480.00 
  Northern Industrial Bench Grinder 1/2 N$480.00 1 N$480.00 
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Appendix E: Dynamic Spreadsheet Power Breakdown Output Screen  
 
Table 7: Dynamic Spreadsheet Power Breakdown Output Screen 
Category Item 
Power 
Each 
Anticipated  
Usage Quantity 
Daily Energy  
Consumption 
Peak  
Power 
              
        TOTAL: 3.20   kWhrs 1184   W 
              
Lighting         0.93   kWhrs 338   W 
  Eurolux 13W 13   W 5.00 hrs/day 2 0.13   kWhrs 26   W 
  Eurolux 45W 45   W 4.00 hrs/day 2 0.36   kWhrs 90   W 
  Eurolux 85W 85   W 2.00 hrs/day 2 0.34   kWhrs 170   W 
  Major tech Work light, 2x26W 52   W 2.00 hrs/day 1 0.10   kWhrs 52   W 
Refrigeration         0.77   kWhrs 96   W 
  Freezer: SunDanzer DCF165 96   W 8.00 hrs/day 1 0.77   kWhrs 96   W 
          0.00   kWhrs   
Entertainment         0.09   kWhrs 44   W 
  Sylvania 15" LCD HDTV/DVD Combo 44   W 2.00 hrs/day 1 0.09   kWhrs 44   W 
  Toshiba S-D4000 8   W 0.00 hrs/day 0 0.00   kWhrs 0   W 
Power Tools         0.93   kWhrs 466   W 
  DewaltDW756 6" Heavy Duty 466   W 2.00 hrs/day 1 0.93   kWhrs 466   W 
Personal 
Outlets         0.48   kWhrs 240   W 
  
Outlets for Employeee Use 
(Shavers, Etc) 15   W 2.00 hrs/day 16 0.48   kWhrs 240   W 
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Appendix F: Trailer Models to Gauge Worker Interest 
 
Figure 30: 8 Person Trailer Model 
 
Figure 31: 4 Person Trailer Model 
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Appendix G: Bandit Chipper Brochure 
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Appendix H: Potential Herbicides for Aftercare  
Table 8: Potential Herbicides for Aftercare 
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Appendix I: Directions for ground application of Access 
Herbicide  
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(Dow AgroSciences, 2003) 
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Appendix J: Material Safety Data Sheet for Access Herbicide 
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(Dow AgroScience, 2007) 
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Appendix K: Product Label for Access Herbicide  
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(Dow AgroSciences, 2008)
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Appendix L: Aftercare Fact Sheet 
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Appendix M: Alternative short-term/mid-term aftercare options.  
Table 9: Alternative short-term/mid-term aftercare options 
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Appendix N: Long-term aftercare plant options 
Table 10: Long-term aftercare plant options 
 
 
 117 
  
 118 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix O: Decision flow diagram for Acacia mellifera  
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Figure 32: Decision flow diagram for Acacia mellifera 
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Appendix P: Biomass Power Plants 
With oil prices across the globe skyrocketing, and renewed concerns for the 
environment and CO2 emissions, biomass power plants have become an attractive 
solution to the energy needs for many countries. Numerous biomass power plants 
utilize gasification. Gasification is a technique used to convert the carbon in bio-
materials into a gas mixture consisting of carbon monoxide, hydrogen, methane, and 
carbon dioxide (Irons, 2008). Gasification is a more efficient process than direct 
combustion because more energy is extracted. During gasification, the biomass 
releases CO2 into the atmosphere, however this amount is equal to or less than the 
amount absorbed by the plant during its growth period. Therefore, the process is 
carbon neutral (Bookhart, 2003).  
The US, as well as countries such as Bangladesh (Perlack et al., 1995), Brazil, 
the Philippines, Sweden, and Finland (Biopact, 2008), have implemented successful 
biomass systems.  In these countries, plants convert crops, animal wastes, wood, 
municipal wastes, and aquatic plants into energy.  Fifteen percent of the world’s 
energy supply comes from biomass (Perlack, 1995). In industrial countries biomass 
only accounts for 3% of primary energy, however in developing countries biomass 
supplies 35%. In industrial countries this energy is primarily used for heat and 
electricity, while in developing countries it is used more for cooking and heating. 
There is a growing movement in developing countries, however, towards the creation 
of electricity. 
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Appendix Q: Harvesting Technologies Worldwide 
 
 The harvesting of woody biomass for use as an energy source has taken place 
in many countries.  The challenges and opportunities faced in these areas may be 
instructive when attempting to integrate such systems in Namibia. 
 One challenge of short rotation forestry, a method of growing and harvesting 
forest biomass, is the abundance of variables including crop height, spacing density, 
operating season, and reproduction methods (Mattsson & Mitchell, 1995).  These 
ever-changing sets of circumstances make it difficult to identify a single harvesting 
machine that is effective and appropriate in all circumstances.   
 Another item to consider when investigating harvesting technology is its 
impact on soil (Mattsson & Mitchell, 1995).  Heavy machinery, if used on soft, wet 
ground, has the potential to cause serious, long-term ecological damage to a 
harvesting site.  Low pressure ground equipment may be needed in many areas.  In 
the case of short rotation forestry, plantations would have to be designed with broader 
pathways to accommodate wide tire machines.   
 An alternative way of gathering woody biomass is by using forest residues, the 
byproducts of the forestry industry (Mattsson & Mitchell, 1995). Since the use of 
large scale forestry technology can be expensive, smaller, inexpensive machinery is 
often more economical for the removal of small woody biomass.  Single grip 
harvesters, for example, are excellent at removing small forest residues and laying 
them aside to dry.   
 It is estimated that, in the case of forest residue collection, transportation 
accounts for 20-40% of the total delivered fuel cost (Mattsson & Mitchell, 1995).  
Clearly, efficient transportation methods are needed.  Chipping the wood fuel before 
transportation increases transport density, but can create problems if the chips need to 
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be stored for an extended period of time.  Allowing sufficient drying of the wood 
before transport is another way to increase density and reduce cost.   
 Swedish research has also found that transportation costs make the production 
of wood chips for fuel too expensive as a competitive resource when compared with 
traditional power sources (Berg, 2003).  One way to increase efficiency is to compact 
forest residue into composite residue logs (CRLs), such as those shown in Figures 16 
and 17 (Andersson, 2000).  Wood Pac and Fiberpac are two companies that have 
produced equipment that can efficiently compress branches and forest residues into 
log shaped bales, which are easier to transport and handle.  These CRLs have 
diameters of approximately 0.75m, length of up to 3m, and weigh between 400–
600kg.  When burned in a biomass power plant, Andersson has shown that each log is 
capable of producing over 1MWh of energy.  One reason CRLs are an attractive 
method, is that conventional round wood transport technology may be utilized to 
transport them.  The Wood Pac unit was found to produce about 15 CRLs per 
productive hour, while the Fiberpac 370 produced 20-30 CRLs per hour.  Figures 16, 
17, and 18 below show the creation and transport of the Composite Residue Logs.   
 
Figure 33: Composite Residue Logs being easily handled and transported 
(Andersson, 2000. 119) 
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Figure 34: The Fiberpac 370, used to efficiently create CRLs 
 (Andersson, 2000, 118) 
 
After transport, the CRLs can then be chipped at the heating plant, which is 
cheaper than on site chipping solutions.  However, chipping remains the “bottleneck” 
in the harvesting system.  Technology still needs to be developed to determine the 
best way to chip CRLs (Andersson, 2000).  Large drum chippers can be used for high 
productivity at low chipping costs, but they are very sensitive to contaminants, 
creating expensive repair costs. 
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Figure 35: A Bruks 1004 CT drum chipper used to chip CRLs 
(Andersson, 2000. 120) 
 
 Another example of a machine that bundles forest residue into CRLs is the 
Timberjack SA FB370 model (Cuchet & Roux, 2003).  A cage, open at both ends, is 
fed with raw, unbundled residue in one end, which is compacted, fed through, and 
then tied at the other end.   The bundling machine is mounted on a forwarder, for easy 
mobility. Trials in France suggest that it is easy to produce CRLs with this equipment 
from the forest residues on maritime pine, poplar, chestnut and hornbeam stands.  One 
challenge is the moisture content of the wood.  Dry branches tend to break under the 
strain of tying strings, creating loose bundles. One solution to this problem is to 
bundle as soon as possible after harvesting. Another concern is the use of 
biodegradable strings, which are much easier to dispose. Unfortunately, they are more 
expensive and have a shorter life expectancy.    
An important factor to consider when harvesting wood products is greenhouse 
gas emission; this includes the generation of CO2, CO, and NOx. A study conducted 
by Berg and Karjalainen (2003) compared two studies, in Finland and Sweden, in 
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terms of the emissions of greenhouse gasses from forest harvesting and secondary 
transportation. A formula was constructed to aide in the comparison:  
E= EF + A     (1) 
where E is the amount of greenhouse gas emissions in grams per unit of performance, 
EF is the emission factor in grams per kg of fuel, A is amount of energy consumed or 
distance traveled for a given activity. All three terms are dependent on the type of 
fuel, the performance, the method used, and emission control.  
Many different factors were taken into account such as terrain, tree-type, 
harvest size, and distance traveled (Berg & Karjalainen, 2003). Nordic brand 
harvesters were mainly used in both countries. Finland used small tractors adapted for 
forest work for forwarding, while Sweden used small forwarders. In Finland distances 
are greater, thus additional transportation is needed to move the machinery, while in 
Sweden the distances are short enough for machines to be moved by their own means. 
After harvesting, the land must be scarified, meaning the forest floor must be broken 
and disturbed for regeneration to occur.  Emissions were found to be less in Sweden 
than in Finland. Sweden has a larger growth per area, which results in lower 
emissions per harvested unit. The actual variations in operations, vehicles, engines, 
and fuels all must be considered when determining emissions levels. 
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Appendix R: Harvesting Technology in Namibia 
 
Namibia needs an effective harvesting solution in order to halt encroachment 
on agricultural land, provide stable employment for native workers, and provide 
economical, environmentally friendly energy for an energy poor country.  The 
Cheetah Conservation Fund in Namibia has a partly mechanized harvesting system 
(Leinonen, 2007) consisting of felling, gathering, drying, chipping, and transporting 
phases.  In this system, teams of 4-8 men use axes to clear brush.   Four men in 
compiling crews then manually drag the bushes to a strip road for drying.  A team of 
eight men transport the dried limbs into a chipper that feeds into a trailer, which is 
then transported a distance of 50km to the Bushblok plant.   
The Research Centre of Finland (Leinonen, 2007) reviewed the current 
Namibian methods of bush harvesting.  They looked into different technologies and 
their effectiveness in felling brush.  Based on their research, they devised a new 
mechanized harvesting system, which involves felling bush with a skid steer or rotary 
saw, gathering with skid steer or grapple fork, chipping with a mechanized chipper, 
and finally transporting by road using tractor trailers.  The Research Centre calculated 
the costs of the new mechanized system to be 24% lower than the current system at 
the CCF.  Chipping and road transport costs were also significantly reduced.  
However, the Centre also found that harvesting wood chips for a 5MWe power plant 
requires 231 workers with the current CCF system while the new system would 
require only 29 workers.  The ratio of workers in the CCF system to the new system 
remains nearly the same for 10MWe and 20MWe power plants.  Hence, while the 
new mechanized system is efficient at removing the most bush for the smallest cost, it 
is counterproductive to the goal of increasing employment.  According to Robert 
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Schultz and the DRFN, the hand axes will be recommended for the CBEND project as 
felling equipment in order to ensure a large sustainable harvesting industry. 
A survey done by the Steward Scott Namibia Consulting Engineers discovered 
that 35% of farms that clear the invasive bush do so using manual techniques (de 
Klerk, 2004). Manually removing the bush is highly labor intensive and thus creates 
job opportunities. Stumping is a technique that removes the bush above the ground 
through the use of axes, mattocks, handsaws, or chainsaws. Since most bushes will 
regrow if they are only stumped, an aftercare system for the rest of the bush must be 
implemented. For mechanical removal of the root system one can also use mattocks 
and axes; however, this is highly labor intensive and other aftercare methods such as 
herbicide are more likely to be used when removing more than one bush at a time. 
Stumping was previously done by a rotating saw attached to the back of the tractor. 
However, this method was abandoned due to difficulty sawing the thick bush such as 
the Black thorn and for safety reasons.  
A Holt machine was used to flatten the Black thorn, but it was inefficient at 
flattening species of bush with thinner stems (de Klerk, 2004). The Holt machine 
allowed the “opening up” of particular areas of thick plant growth, however it raised 
costs due to follow up treatment from shoots sprouting from the stumps of flattened 
plants.  
The de Klerk study (2004) proposed to thin the bush by 25%, or every fourth 
tree, every five years. This would ensure that the bush-to-electricity harvesting system 
would be a sustainable enterprise. In areas that were intensely harvested (greater than 
50%), the leaf, flower, and seed production increased due to lowered competition 
among species. De Klerk also found that the best season to harvest C. mopane is in 
winter (May-August), because in the spring, the new leaves are a source of food for 
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browsing wildlife (de Klerk, 2004). In harvested areas, regrowth is expected with 
varieties such as Dichrostachys cinerea and Acacia mellifera. If proper follow-up 
treatment (chemicals, goats to eat shoots, etc.) is not taken, the bush will grow back to 
an even greater extent.  
An efficient manner of removing bush is the bulldozing of the bush 
encroached area (de Klerk, 2004). However, problems will arise if the topsoil is 
disturbed, because that provides an ideal environment for new seedlings. In de Klerk’s 
study, a D6 Caterpillar tractor with a bulldozer blade was used to clear areas with 
Black thorn and other plants. This technique of bush removal was deemed too 
expensive for individual farmers. However, this method would be useful to clear land 
in order to produce crops. 
Table 12 provides insight into the selection of eight bush harvesters, as well as 
the expected harvesting land per person. 
 
Table 11: Land Cleared by 8 Person Harvesting Team 
 
(MET, 2008, p. 137) 
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Appendix S:  Social Labor Issues in Namibia 
 
Women in Agricultural Labor 
 Women in Namibia have recently experienced major changes both in terms of 
their influence in politics and in the workplace. In the Namibian Constitution, which 
was passed in 1990, equality for all persons before the law was established (Bauer, 
2001). Specifically, discrimination on the grounds of gender was prohibited. This was 
a significant change for the women of Namibia, who previously held limited power 
and were unequal before the law. A policy of affirmative action for women was also 
set up in Namibia soon after the country’s independence; electoral law now requires 
that 25% of candidates in local elections be women. In 1996, the Married Persons 
Equality Act was passed, which placed married men and women equal before the law.   
 In agriculture, women have always been a key to success. It was found that in 
the Owambo regions of Namibia, women are twice as likely to work in the fields as 
men (Girvan, 1995). Men generally take jobs involving higher levels of technology, 
replacing animal-drawn plows with modern equipment. Post-independence, women 
are becoming increasingly more responsible for livestock, making decisions for seed 
selection and field preparation. However, in almost all Namibian rural communities, 
men still hold the power in agriculture; women are expected to harvest for the purpose 
of feeding their families, but not to contribute to the income. Many women farm both 
individual plots to feed their family, as well as family plots, which are controlled by 
men, to make a profit. Women are entitled to sell produce on a small, informal scale, 
but anything larger than that is controlled by the husband. Efforts by the government 
have been made, however, to try to increase the amount of control held by women in 
agriculture.  
 130 
 The level of agricultural skills held by women is of high importance, since 
they have been responsible for the actual field work involved in harvesting for years. 
Given that women are socially accepted in the agricultural workforce, they may be a 
potential workforce for the harvesting jobs. However, given the living situation the 
harvesters will be staying in, it is unknown if a women’s quarters could be provided.  
 
HIV/AIDS 
 The effect of HIV/AIDS on Namibia has been devastating. The exact specifics 
on the levels of infection in the country are not available due to the stigma of the 
disease (Susser, 2007), though the accepted statistics report a 19.9% infection rate. 
The percent of the population tested for the disease is surprisingly low. While most 
Namibians know the disease exists, it is not customary to be open about having the 
disease. In general, only rumors exist about the possibility of the disease being the 
cause for countless numbers of deaths. Therefore, when dealing with the disease in 
terms of labor, HIV/AIDS is generally ignored and asking possible hires if they are 
infected may not be socially accepted.  
 The disease has a large impact on the quality of labor in Namibia. It is not 
customary to ask people about their health conditions.  Therefore, potential employees 
could have HIV/AIDS without the employer’s knowledge. This could affect their 
ability to work at a labor intensive job by lowering their ability to do physical labor. 
Furthermore, absenteeism will increase due to personal sickness, death, or sickness of 
friends and family. To compensate for the impact of the disease on the work force, 
different working solutions should be considered to insure a more reliable output of 
product.  
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Appendix T: Safety in Agriculture 
 
 Work in agriculture related fields has a high potential for personal injury. 
Strains, sprains, hearing loss, chemical poisoning, skin disorders, cancers, respiratory 
issues, and heat stress are only some of the issues faced by workers (OSHA, 2008).  
 To avoid strains and sprains, (OSHA, 2008) workers must maintain good 
posture, shift weight while working for long periods of time, and stand with feet a 
shoulder width apart, if possible. Also, to maintain back health, the back must be kept 
straight while squatting, and should be limited in use. It is important to stretch and 
rotate tasks. Employees should be in good physical shape, making sure they get 
enough sleep and take breaks during the day (Georgia Farm Bureau, 2008)  
 Employers are also responsible for safety precautions (OSHA, 2008). They 
should make sure that all equipment is maintained in order to ensure tools are in 
working order. The lights, tires, brakes, etc. should be checked regularly on all 
machinery (Georgia Farm Bureau, 2008). Employers should train employees in work 
methods and safety, ensure that supervisors know that people are using equipment 
properly, and provide instructions for emergency situations.  
 Ear protection is a necessity to protect workers’ hearing (OSHA, 2008). 
Proper maintenance of equipment is also important to reduce noise levels. If 
employees use chemicals, protective clothing and gloves should be worn. One should 
avoid contacting the chemicals and then touching the skin or eyes.  
 It is important to protect the skin in agricultural work (OSHA, 2008). Skin 
cancer is a danger when working in the sun for long periods. Proper attire and sun-
block should be worn to avoid overexposure to harmful radiation. Certain types of 
dermatitis such as contact dermatitis, heat rash, and those resulting from insect and 
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plant irritants can occur. These can be prevented by avoiding contact with irritants as 
well as by washing frequently. It is important to maintain personal hygiene (Cyr and 
Johnson, 2008), especially at the end of the day. Work clothes should be removed, 
hands and face should be washed before eating, and a shower should be taken each 
day. 
 Dehydration is a concern when working in heat. In a few hours a person can 
loose up to 6% of his/her body weight. A loss of just 2 to 3 percent can cause blood 
circulation to slow, leading to discomfort, thirst, rising body temperature, and 
increased pulse rate. Heat cramps, dizziness, headaches, excessive sweating, and 
extreme weakness are all signs of heat exhaustion. Heat stroke can also occur, causing 
the body to stop sweating, resulting in a rapid increase in body temperature. If 
untreated, the person can lose consciousness, convulse, or even die. Employers can 
avoid these situations by educating workers on the dangers of heat, by providing 
adequate water and shade, and by having a person certified in first aid on each team. 
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Appendix U: Effective Communication and Teambuilding 
 
 The harvesting laborers will be required to live in accommodation trailers 
during the work week since they will be operating in sparsely populated rural areas.  
This unique arrangement, in which the employees both work and live together, must 
be treated with care.  Specifically, it is important for the managers to stress effective 
communication in order to create harmonious teams.  Bernard Erven from Ohio State 
University has published numerous documents on managing dairy farms (2008).  Two 
specific papers of interest for the harvesting managers are “Overcoming Barriers to 
Communication” and “Building a Dairy Farm Team.”  A summary of Erven’s ideas 
and the application for the harvesting teams follow, while the full papers may be 
found in Appendices V and W, respectively. 
 Namibia’s diversity is one of the country’s unique aspects.  The different 
ethnic groups all speak various languages and dialects; although they often 
communicate amongst themselves in English or Afrikaans.  However, communication 
between different individuals is a key issue in both work and living environments 
(Erven, 2008).  Even if people are fluent in a second language, they may miss certain 
phrases or slang terms that others use.  Regardless of language barriers, Erven 
identifies other obstacles to effective communication, such as unclear messages, poor 
listening skills and interruptions, as well as communicating over the wrong “channel.”  
For example, important, detailed messages should be in writing, while it may be more 
appropriate to deliver short instructions verbally.  Erven also stresses the importance 
of open feedback while communicating, because it verifies the content of the 
message, as well as provides opportunities for clarification.   
 Proper communication is imperative for the harvesting teams.  During the 
work day, individuals will need to receive tasks from the managers, as well as discuss 
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with each other effective techniques to harvest each day.  Furthermore, conflicts will 
undoubtedly arise while sharing accommodation facilities; therefore, it is important 
for channels to be in place to address concerns to each other, as well as to the 
managers of the team.  The harvesting team managers should be trained in certain 
basic communication techniques, as suggested by Erven.  Additionally, managers 
should stress proper communication to employees, and be open to feedback from the 
laborers. 
 The bush harvesting laborers will all be working together on a daily basis to 
harvest the quota of biomass in order to provide appropriate supplies to the power 
plants.  Therefore, effective teamwork is necessary.  Bernard Erven defines a team as 
individuals who work together toward a common goal (2008).  This goal cannot be 
reached by single workers, but rather the individuals need to complete the tasks 
together as a team.  Erven finds that teamwork has a number of advantages when 
dealing with complicated tasks, such as efficiency in completing goals, mentoring 
inexperienced workers, and comradery.  These are specifically essential when 
working and residing together.  A successful team will rely on each other for support, 
as well as provide enjoyment in monotonous tasks.  Managers are advised to 
encourage team work while harvesting bush, which will result in more productivity 
and less conflict. 
To create a sustainable industry, laborers should be properly trained in their 
work, as well as in first aid.  Regardless of the methods used for harvesting, all 
machinery and equipment is dangerous due to the sharp blades and heavy equipment.  
Therefore, proper education is essential for providing all workers with a safe 
occupation.  Additionally, without proper training, the bush harvesting industry would 
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remain undesirable.  With continued training, laborers will become more comfortable 
working, and fewer injuries will occur.   
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Appendix V: Overcoming Barriers to Communication 
 
OVERCOMING BARRIERS TO COMMUNICATION 
Bernard L. Erven 
Department of Agricultural, Environmental, and Development Economics 
Ohio State University 
 
Communication plays a major role in employer-employee relationships on 
farms.  It also affects the relationships among family members on the management 
team.  Although effective communication does not guarantee success of a farm 
business, its absence usually assures problems.  A communication problem may soon 
become a crisis or it may linger on for years.   
More specifically, communication influences the effectiveness of the hiring 
and training of employees, motivation of employees, providing daily instructions, 
performance evaluations and the handling of discipline problems.  These are the 
obvious roles of communication.  Communication also affects the willingness of 
employees to provide useful suggestions.  Employees feel a part of the business 
requires communication.  In fact, for employees to make  the important evolution 
from "workers" to "working managers" requires effective communication between 
supervisors and employees. 
Employees typically are hesitant to state their goals, their concerns and their 
disappointments.  Of course, an employee may be a complainer and share views to the 
point a supervisor silently begs for less "communication." Much more common is the 
need to better understand what an employee is "really thinking." 
This paper is about improving communication skills.  Removing barriers to 
communication is one of the easiest ways to improve communication.  Removing 
these barriers starts with an understanding of a communication model. This paper 
should help managers think about their own communication skills and the way they 
communicate day-to-day back home. 
 
Communication Model 
 
The process starts with a sender who has a message for a receiver.  Two or more 
people are always involved in communication.  The sender has the responsibility for 
the message. 
The sender's message travels to the receiver through one or more channels 
chosen by the sender.  The channels may be verbal or non-verbal. They may involve 
only one of the senses, hearing for example, or they may involve all five of the senses: 
hearing, sight, touch, smell, and taste. Non-verbal communication, popularly referred 
to as body language, relies primarily on seeing rather than hearing.  
The sending of a message by an appropriate channel to a receiver appears to 
have completed the communication process or at least the sender's responsibility. Not 
so! After sending the message, the sender becomes a receiver and the receiver 
becomes a sender through the process of feedback. Feedback is the receiver's 
response to the attempt by the sender to send the message. Feedback is the key to 
determination by the sender of whether or not the message has been received in the 
intended form. Feedback involves choice of channel by the receiver of the original 
message. The channel for feedback may be quite different from the original channel 
chosen by the sender. A puzzled look may be the feedback to what the sender 
considered a perfectly clear oral instruction. 
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Effect on the receiver completes the communication process. Effective 
communication is the original sender having the desired effect on the receiver. 
Communication at its best minimizes misunderstanding between sender and receiver. 
The sender cannot transplant a message or idea. Ineffective communication means 
there was no effect on the receiver or the effect was unexpected, undesired and/or 
unknown to the sender. 
This simplified version of a complex process can be a powerful tool for 
thinking about one's communication skills, diagnosing communication problems and 
developing plans for improvement of communication. The good news about 
communication is that improvement is usually possible. The bad news is that 
perfection in communication escapes everyone. 
 
Barriers to Communication 
 
Problems with any one of the components of the communication model can 
become a barrier to communication. These barriers suggest opportunities for 
improving communication 
 
1.  Muddled messages - Effective communication starts with a clear message. 
Contrast these two messages: "Please be here about 7:00 tomorrow morning." 
"Please be here at7:00 tomorrow morning." The one word difference makes 
the first message muddled and the second message clear. 
Muddled messages are a barrier to communication because the sender leaves 
the receiver unclear about the intent of the sender. Muddled messages have 
many causes. The sender may be confused in his or her thinking. The message 
may be little more than a vague idea. The problem may be semantics, e.g., 
note this muddled newspaper ad: "Dog for sale. Will eat anything. Especially 
likes children. Call 888-3599 for more information." 
 
Feedback from the receiver is the best way for a sender to be sure that the 
message is clear rather than muddled. Clarifying muddled messages is the 
responsibility of the sender. The sender hoping the receiver will figure out the 
message does little to remove this barrier to communication. 
 
2.  Stereotyping - Stereotyping causes us to typify a person, a group, an event or 
a thing on oversimplified conceptions, beliefs, or opinions. Thus, basketball 
players can be stereotyped as tall, green equipment as better than red 
equipment, football linemen as dumb, Ford as better than Chevrolet, Vikings 
as handsome, and people raised on dairy farms as interested in animals. 
Stereotyping can substitute for thinking, analysis and open mindedness to a 
new situation. 
 
Stereotyping is a barrier to communication when it causes people to act as if 
they already know the message that is coming from the sender or worse, as if 
no message is necessary because "everybody already knows." Both senders 
and listeners should continuously look for and address thinking, conclusions 
and actions based on stereotypes. 
 
3.  Wrong channel - "Good morning." An oral channel for this message is highly 
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appropriate. Writing "GOOD MORNING!" on a chalkboard in the machine 
shed is less effective than a warm oral greeting. On the other hand, a detailed 
request to a contractor for construction of a farrowing house should be in 
writing, i.e., non-oral. A long conversation between a pork producer and a 
contractor about the farrowing house construction, with neither taking notes, 
surely will result in confusion and misunderstanding. These simple examples 
illustrate how the wrong channel can be a barrier to communication. 
 
Variation of channels helps the receiver understand the nature and importance  
of a message. Using a training video on cleaning practices helps new 
employees grasp the importance placed on herd health. A written disciplinary 
warning for tardiness emphasizes to the employee that the problem is serious. 
A birthday card to an employee's spouse is more sincere than a request to the 
employee to say "Happy Birthday" to the spouse. 
 
Simple rules for selection of a channel cause more problems than they solve. 
In choice of a channel, the sender needs to be sensitive to such things as the 
complexity of the message (good morning versus a construction contract); the 
consequences of a misunderstanding (medication for a sick animal versus a 
guess about tomorrow's weather); knowledge, skills and abilities of the 
receiver (a new employee versus a partner in the business); and immediacy of 
action to be taken from the message (instructions for this morning's work 
versus a plan of work for 1994). 
 
4.  Language - Words are not reality. Words as the sender understands them are 
combined with the perceptions of those words by the receiver. Language 
represents only part of the whole. We fill in the rest with perceptions. Trying 
to understand a foreign language easily demonstrates words not being reality. 
Being "foreign" is not limited to the language of another country. It can be the 
language of another farm. The Gerken house may be where the Browns now 
live. The green goose may be a trailer painted red long after it was given the 
name green goose. A brassy day may say much about temperature and little 
about color. 
 
Each new employee needs to be taught the language of the farm. Until the  
farm's language is learned, it can be as much a barrier to communication as a  
foreign language. 
 
5.  Lack of feedback - Feedback is the mirror of communication. Feedback 
mirrors what the sender has sent. Feedback is the receiver sending back to the 
sender the message as perceived. Without feedback, communication is one-
way. 
 
Feedback happens in a variety of ways. Asking a person to repeat what has 
been said, e.g., repeat instructions, is a very direct way of getting feedback. 
Feedback may be as subtle as a stare, a puzzled look, a nod, or failure to ask 
any questions after complicated instructions have been given. Both sender and 
receiver can play an active role in using feedback to make communication 
truly two-way. 
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Feedback should be helpful rather than hurtful. Prompt feedback is more 
effective that feedback saved up until the "right" moment. Feedback should 
deal in specifics rather than generalities. Approach feedback as a problem in 
perception rather than a problem of discovering the facts. 
 
6. Poor listening skills - Listening is difficult. A typical speaker says about 125 
words per minute. The typical listener can receive 400-600 words per minute. 
Thus, about 75 percent of listening time is free time. The free time often 
sidetracks the listener. The solution is to be an active rather than passive 
listener. 
 
One important listening skill is to be prepared to listen. Tune out thoughts 
about other people and other problems. Search for meaning in what the person 
is saying. A mental outline or summary of key thoughts can be very helpful. 
Avoid interrupting the speaker. "Shut up" is a useful listening guideline. "Shut 
up some more" is a useful extension of this guideline. Withhold evaluation and 
judgment until the other person has finished with the message. A listener's 
premature frown, shaking of the head, or bored look can easily convince the 
other person there is no reason to elaborate or try again to communicate his or 
her excellent idea. 
 
Providing feedback is the most important active listening skill. Ask questions. 
Nod in agreement. Look the person straight in the eye. Lean forward. Be an 
animated listener. Focus on what the other person is saying. Repeat key points. 
Active listening is particularly important in dealing with an angry person. 
Encouraging the person to speak, i.e., to vent feelings, is essential to 
establishing communication with an angry person. Repeat what the person has 
said. Ask questions to encourage the person to say again what he or she 
seemed most anxious to say in the first place. An angry person will not start 
listening until they have "cooled" down. Telling an angry person to "cool" 
down often has the opposite effect. Getting angry with an angry person only 
assures that there are now two people not listening to what the other is saying. 
 
7.  Interruptions - A farm is a lively place. Few days are routine. Long periods 
of calm and quiet rarely interrupt the usual hectic pace. In this environment, 
conversations, meetings, instructions and even casual talk about last night's 
game are likely to be interrupted. The interruptions may be due to something 
more pressing, rudeness, lack of privacy for discussion, a drop-in visitor, an 
emergency, or even the curiosity of someone else wanting to know what two 
other people are saying. 
 
Regardless of the cause, interruptions are a barrier to communication. In the 
extreme, there is a reluctance of employees and family members even to 
attempt discussion with a manager because of the near certainty that the 
conversation will be interrupted. Less extreme but serious is the problem of 
incomplete instructions because someone came by with a pressing question. 
 
8.  Physical distractions - Physical distractions are the physical things that get in 
the way of communication. Examples of such things include the telephone, a 
pick-up truck door, a desk, an uncomfortable meeting place, and noise. 
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These physical distractions are common on farms. If the phone rings, the 
tendency is to answer it even if the caller is interrupting a very important or 
even delicate conversation. A supervisor may give instructions from the 
driver's seat of a pick-up truck. Talking through an open window and down to 
an employee makes the truck door a barrier. A person sitting behind a desk, 
especially if sitting in a large chair, talking across the desk is talking from 
behind a physical barrier. Two people talking facing each other without a desk 
or truck-door between them have a much more open and personal sense of 
communication. Uncomfortable meeting places may include a place on the 
farm that is too hot or too cold. Another example is a meeting room with 
uncomfortable chairs that soon cause people to want to stand even if it means 
cutting short the discussion. Noise is a physical distraction simply because it is 
hard to concentrate on a conversation if hearing 
is difficult. 
 
Facilitating Communication 
 
In addition to removal of specific barriers to communication, the following 
general guidelines may also facilitate communication. 
 
1. Have a positive attitude about communication. Defensiveness interferes with 
communication. 
 
2. Work at improving communication skills. It takes knowledge and work. The 
communication model and discussion of barriers to communication provide the 
necessary knowledge. This increased awareness of the potential for improving 
communication is the first step to better communication. 
 
3. Include communication as a skill to be evaluated along with all the other skills in 
each person's job description. Help other people improve their communication skills 
by helping them understand their communication problems. 
 
4. Make communication goal oriented. Relational goals come first and pave the way 
for other goals. When the sender and receiver have a good relationship, they are much 
more likely to accomplish their communication goals. 
 
5. Approach communication as a creative process rather than simply part of the chore 
of working with people. Experiment with communication alternatives. What works 
with one person may not work well with another person. Vary channels, listening 
techniques, and feedback techniques. 
 
6. Accept the reality of miscommunication. The best communicators fail to have 
perfect communication. They accept miscommunication and work to minimize its 
negative impacts. 
 
 
Summary 
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Communication is at the heart of many interpersonal problems faced by farm 
employers. Understanding the communication process and then working at 
improvement provide managers a recipe for becoming more effective communicators. 
Knowing the common barriers to communication is the first step to minimizing their 
impact. Managers can reflect on how they are doing and make use of the ideas 
presented in this paper. When taking stock of how well you are doing as a manager, 
first ask yourself and others how well you are doing as a communicator. 
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Appendix W: Building a Dairy Farm Team 
 
Building A Dairy Farm Team 
Bernie Erven 
Ohio State University Extension 
 
Would anyone doubt that a successful dairy farm requires a team effort? Silly 
question? Not at all. Most dairy farms have groups of people or collections of 
individuals rather than teams. Success does not demand a team approach. A farm 
manager who prefers a team approach faces a tough test of patience, people skills and 
communication. 
 
Team Basics 
 
A dairy farm can have a team of people, a group or just a collection of 
individuals. The differences among the three are important: 
 
Team: Several people who work together as a cohesive unit to achieve 
specific, shared goals. 
 
Group: Several people who have common goals but work independently 
without depending on each other for their success. 
 
Individuals: Several individuals who work independently to accomplish their 
individual goals without depending on each other for their success. 
 
There are good reasons for dairy farm managers to form teams. Successful 
teams are likely to help managers accomplish the following: 
 
1. Efficiency in use of farm resources 
 
2. Complementarity of skills brought to the team by its members 
 
3. Reinforcement of goals, standards, procedures and rules 
 
4. Mentoring of newer and less skilled team members by other team members 
 
5. Esprit de corps from team members personally enjoying each others’  
company and the team’s accomplishments 
 
6. Peer pressure to help meet team goals and to correct performance 
deficiencies 
 
7. Monitoring of performance at both the individual and team level 
 
However, people sometimes have understandable reasons for resisting 
teamwork: 
 
1. Previous negative experiences with attempts at teamwork 
 143 
 
2. Fear of the risk that goes with commitment to a team effort 
 
3. Management's failure to develop an atmosphere of trust in a team's ability to 
be good for both the farm and individuals 
 
4. Some people not fitting well into a team environment, e.g., perfectionists, 
scorekeepers, grudge carriers, loners and procrastinators. 
 
Stages of Team Development 
 
A dairy farm group goes through several stages before becoming a highly 
efficient and effective team. The stages are: 
 
1. Forming 
 
2. Storming 
 
3. Initial Integration (norming) 
 
4. Total Integration 
 
5. Dissolution 
 
Teams go through these stages at different rates and in different ways. Most 
will go through all five stages provided they don't stall at an early stage and cease to 
function. 
 
Note carefully! We are describing a process uncommon in group work. 
Teamwork is easy rhetoric. The practice of teamwork challenges even the most 
experienced dairy farm managers. Some farm managers look for "top down" 
shortcuts. Some scoff at the time necessary to turn a group of people into a team. 
However, for those who understand the principles and then work hard at 
implementation, the payoffs can justify the effort. 
 
We turn now to the characteristics typically associated with each of the five 
stages in the team development process. 
 
1. Forming 
 Members become acquainted 
 Members learn about goals and tasks of the team 
 Members evaluate work associated with and benefits of the team relative to 
career and personal needs 
 Most everyone exhibits good behavior and courtesy 
 Leader identified 
 Preliminary plans made for the next steps 
 Members enjoy a good and seemingly easy start 
 
2. Storming 
 High emotion 
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 Conflict may occur during long and seemingly inefficient meetings 
 There is a lot of “behind the bosses’ back” and “behind the leaders’ back” kind 
of grumbling 
 High emotion characterizes some of the interaction among team members 
 Doubts based on previous negative experiences cause people to be cautious 
 Doubts emerge about ability to deliver all that is expected 
 Writing a mission statement and/or goals is stressful and leads to additional 
statements about differences of opinion 
 Outcome finally is to push ahead with a sense of some important  progress has 
been made but that there is much still to be accomplished 
 
3. Initial Integration (norming) 
 Team begins to function cooperatively 
 Rules of acceptable conduct, or norms, are established 
 Team needs begin to take precedent over individual needs 
 Hostility ceases 
 Mission statement and detailed goals are completed 
 Individuals begin to experience benefits of close cooperation with others on 
the team 
 Sense of closeness and group purpose emerges 
 Team has some major successes 
 
4. Total Integration 
 Major successes continue 
 Conflict is rational 
 Creative tension regularly reappears 
 "What next?" is a compulsive question 
 Team struggles with how to handle changing membership 
 Successes are widely recognized 
 Members are concerned more about the team than their own successes 
 Team is well organized; meetings are short and efficient 
 
5. Dissolution 
 No team goes on indefinitely 
 Teams that have functioned well sense when change, new members and 
“mission accomplished” have taken members back to the forming stage. 
 
Cultivating Team Performance 
 
Neither the farm manager nor outside cooperators, e.g., veterinarians, can 
accept responsibility for team performance. Each team is responsible for its own 
performance. However, the following guidelines for team members, managers and 
cooperators can help cultivate team performance: 
1. Establish urgency. Have a driving cause, issue or need. 
 
2. Pay particular attention to early planning meetings and actions. Remember that 
most groups never reach the norming stage of team development. 
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3. Set some clear rules of behavior. Those rules will vary team to team. Examples 
include: holding all scheduled team meetings, starting meetings on time, volunteering 
to help each other with disagreeable jobs, saying thank you, and not talking about 
problems with neighbors and friends. 
 
 
 
4. Set and seize upon a few performance-oriented tasks and goals. Make them 
SMART: Specific, Measurable, Attainable, Rewarding, and Timed. 
 
5. Challenge each other with fresh facts and information. 
 
6. Spend lots of time together. There is no substitute for a team caring about its 
members and each team member caring about the welfare of the team. 
Celebrate birthdays, go to a baseball game together, have frequent team 
meetings, and have a daily "coffee break" together. 
 
7. Exploit the power of positive feedback, recognition and reward. Celebrating 
successes is time well spent. 
 
 
 
 
  
 
